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PREFACE. 



In drawing attention to the peculiar character of the 
present work, it is only necessary to quote the follow- 
ing sentences from the Directory of the Science and Art 
Department of the Committee of Council on Education 
issued in September 1876 : — 

**The Lords of the Committee of Council on Education having 
considered the Science Directory in relation to the aid now given 
through the Code in England and Scotland, and by the Commis- 
sioners of National Education in Ireland, towards instruction in 
some branches of Science, and in Geography, are of opinion that 
the subject of Physical Geography, as now defined in the Science 
Directory, is not one towards instruction in which the special aid of 
the Science and Art Department should be continued. 

" The outlines of the syllabus of a subject which will take the 
place of Physical Geography are now under consideration. Due 
notice will be given when they have been settled. The subject 
(Physiography) will embrace those external relations and conditions 
of the earth which form the common basis of the Sciences of Nau- 
tical Astronomy, Geology, and Biology, as treated in the Science 
Directory." 

The syllabus referred to was issued early in 1877, when 
it became apparent that a great variety of subjects had 
been introduced under "Physiography" that had no place 
in any existing school-book treating of Physical Geo- 
graphy. 



IV PREFACE. 

By glancing at the Table of Contents, the student will 
at once perceive that the Author has discussed, with all 
the fulness his limited space would allow, all the subjects 
embraced in the new syllabus, and has given special prom- 
inence to every topic now appearing for the first time — 
such as Astronomy, Geology, Biology, Spectrum Analysis, 
Optical Instruments, Geodesy, and Map Projections. 

Hatton Place, Edinburgh, 
August 1877. 

»\ Since the first impression of this little work was thrown off 
— now nearly two months ago — various important discoveries in 
physical science have been announced. Of tnese the following are, 
perhaps, the most interesting to the students of physiography : (1) 
Professor Hall of Washington has discovered that the planet Mars is 
attended by two small satellites. Probably, therefore, the satellites 
belonging to the solar system form a regular series, of which the 
four first terms are complete — ^thus, the Earth has 1 satellite. Mars 
2, Jifbiter 4, Saturn 8. According to this, Uranus should have 16, 
and Neptune 82, though, as yet, only a few of them have been seen. 
(2) In the region of the Asteroids 5 minor planets have been de- 
tected, thus jaising the entire number to 174. (8) The Washington 
astronomers have assigned a new rotation period to Saturn — viz., 
10 h. 14 m. 24 s. — ins&ad of the time indicated at page 9. (4) A 
new metal has been discovered by a Swedish naturalist, and named 
Bavium, in honour of the great EngUsh chemist. Sir H. Davy. (5) 
By aid of the spectroscope, an additional element — oxygen — ^has 
been detected in the sun. (6) But by far the most important an- 
nouncement is the new distance assigned to the sun by the British 
astronomers who observed the last transit of Venus. They give the 
sun's parallax at 8.760", and his mean distance from the earth as 
93,800,000 miles (see p. 9). This astounding result cannot possibly 
be accepted as the final verdict of science, seeing that it greatly 
differs irom all former estimates, including that derived from Mars 
when last in opposition, and more especially from the distance 
assigned by the French observers of the very same transit (see p. 
140). Meanwhile, every lover of truth must suspend his judgment 
till the other Grovemments that sent expeditions to observe the 
transit of Venus give their respective estimates, and probably till 
the more favourable transit of 1882 puts the matter beyond all 
dispute. 

Edinburgh, 15^ October 1877. 
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Geography, as the name implies, is the science which treats 
of the Earth, or temporal abode of Man. The Germans call it 
Erdkunde — ^that is, Knowledge of the Earth, certainly one of the 
most important branches of all human knowledge. 

But the Earth may be regarded from many different points 
of view, each of whicn afford material for a new and different 
science. Thus, if we regard the Earth as a member of the Solar 
System, it supplies Astronomy with its most interesting and 
Valuable chapter. If we inquire into its origin, age, materials, 
and history through the lengthened ages of the past, we find 
ourselves, at once, in the very heart of Geology. If we con- 
fine our view to its present surface and physical state, thus 
commencing our inquiries where Geology terminates, we have 
Physical Geography. If we investigate the true causes of the 
phenomena brought under our notice by Physical Gec^aphy — 
if we regard the Earth as the theatre where all the forces and 
laws of Nature are displayed in their infinite variety and inter- 
dependence — and if we explain the methods and instruments 
by which our knowledge of Nature has been arrived at, we 
find ourselves studying Physiography (phyds, nature, araphey 
a description), i.e., the science of Nature, — a science wnich is 
intimately connected with Chemistry, Meteorology, Electricity, 
Magnetism, and Ethnography ; while it especially treats of ^^ those 
external relations and conditions of the Earth which form the 
common basis of Nautical Astronomy, Geology, and Biology.*** 
Thus Physiography cannot be separated from Physical Geo- 
graphy, which in truth is its foundation ; nor can any clear 
une of distinction be drawn between it and the various natural 
sciences above enumerated, each of which yields to it its own 
contribution. 

* See ' Directory of Science and Art Department/ Septem1)er 1876, p. 4. 

A 



2 PHYSIOGRAPHY AND PHY|j[CAL GEOGRAPHY. 

I.— MATHEMATICAL GEOGRAPHY ; 

OR, THE EARTH AS A MEMBER OF THE SOLAR SYSTEM. 

Mathematical Geography is that part of Astronomy which 
treats of the Earth as a member of the Solar System, or of that 
great family of planets, satellites, comets, and meteorites which 
circulate round the central luminary, deriving from him their 
light, heat, and other influences. 

The Solar System. — In order to form a correct idea of the 
earth, we must not regard it as an isolated independent body, 
having no relation to other worlds, but as a member of a large 
family or system of similar bodies, all of which revolve roimd 
the sun, at different distances, and with different degrees of 
velocity. These bodies are collectively known as the Solar 
System, from the fact that the sun (Lat. sol) is by far the largest 
body belonnng to it ; that he is placed in the centre, all the 
otiier members revolving around him, either directly or in- 
directly ; and especiallv to distinguish it from the numberless 
other systems that are located around it in universal space, each 
of which has probably its own sun or star as the immediate 

centre of its light, heat, 
and gravitating power. 

The accompanying dia- 
gram represents only the 
Sun and the three interior 
planets nearest him, in- 
MOON eluding the Earth with her 
satellite. Beyond the orbit 
(RTH of the Earth is Mars, after 
which comes the group of 
small planets, then Jnpi- 
ter, Saturn, Uranus, and 
Neptune, whose distances 
from the Sun, with many 
other particulars, will be 
found m the tables of the 
Solar System, p. 9. 

Besides the great central luminary, this system consists of 178 
distinct bodies called planets, more or less like our earth ; of 18 
moons or satellites revolving around the 6 largest planets ; of a 
vast number of luminous bodies named comets, all of which 
move around the sun in very elliptical orbits and with incon- 
ceivable velocity ; and of a countless number of very small 
opaque bodies termed meteorites. All these are united together 
in one beautiful and harmonious whole by the mysterious 
power of gravitation — ^a power communicated to every particle 
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of matter in tlie universe by the All -wise and Omnipotent 
Creator. 

The Sim. — The grand central orb of this stnpendons piece of 
mechanism is the Sun, the most glorious and magnificent object in 
nature. In size or YOlnme he is 1,245,000 times that of the £arth, 
his diameter being 852,380' miles; but his mass or weight is only 
314,000 times the weight of the earth, or 742 times that of all the 
planets and satellites combined. The materials, therefore, of which 
the sun is composed, are much less densely packed together than in 
our planet. In other words, his spedflo gravity is greatly less, being 
only one-fourth that of the earth. Contrary to former notions, it is 
now established that the sun is not stationary, but moTes tliroiiffli 
sxiace at the rate of 5 miles per second, or 150,000,000 miles per year; 
that he rotates around his axis in 25 days, 7 hours, 48 minutes ; and 
that his distance from the earth is about 92,093,000 miles. Owing 
to his low specific gravity, and the vast distance between his centre 
and circumference, the force of gravity at the sun*s surface is only 
27.2 times its force at the surface of the earth. Now it is well 
known that heat expands bodies, and so diminishes their specific 
gravity; and as the heat of the sun must be inconceivably intense, it 
follows that, in all probability, the materials of which he is composed 
are in a gaseous state, for we cannot imagine it possible that material 
substances can subsist in the solid form at such a high temperature. 
The specific gravity of the sun, though four times less than that of 
the earth, may appear to be greatly too high on the supposition that 
he is a gaseous boay ; but we must remember that, owing to the vast- 
ness of his mass, the force of gravity exercises an enormous pressure, 
thus compressing the gaseous materials to an extreme decree. The 
heat of the sun is so great that, in common with the fixed stars, he 
is self-luminous. Not only does he shine with unborrowed light, but 
that light is so intense that it powerfully illuminates all the planets 
and satellites which, at such vast distances, revolve around him. 
Indeed it has been calculated that the heat thrown out by every 
square yard of the sun's surface is as great as would be produced by 
burning 6 tons of coals on it every hour. Then in regard to his 
tnlghtneBB, Sir John Herschel found that it exceeds in bmliancy the 
brightest artificial light we can produce — ^viz., the lime-light (formed 
by a flame of oxygen and hydrogen playing on a ball of lime made 
intensely hot) — at least 146 times. 

In regai-d to the transmlBBlon of light and heat from the sun to 
the earth and other planets, two leading theories have prevailed. Sir 
Isaac Newton held that the sun is constantly discharging from his 
surface inconceivable multitudes of extremely minute luminiferous 
particles of matter, capable of producing, when they strike against 
bodies, the phenomena of light and heat ; but this theory, besides 
the improbability of a continual loss of substance without any 
diminution of brilliancy, cannot satisfactorily explain many of the 
phenomena in Optics that have been observed since Newton's day. 
The theory now most generally accepted is, that light and heat are 
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produced by vibrations or ttnduUUiont in a thin, highly elastic fluid 
called Ether diffused throughout space. This fluid is supposed to 
be excited by the presence of hot and luminous bodies into undula- 
tions, which are capable of producing impressions of light and heat 
on bodies encountering them. 

Viewed by the naked eye, or through a piece of stained glass, the 
sun nresents a round, highly luminous disc, of uniform brightness, 
callea the Photospliere ; but seen through a telescope, lai*ge dark 
spots appear on his surface, principally near his equator. They 
move across the sun's disc in a westerly direction, and in an average 
period of 25 days, 7 hours, 48 minutes ; this, therefore, is regarded 
as the time the sun takes to rotate on his axis. The spots are con- 
stantly yarjring in number, size, shape, and appearance ; yet patient 
research into their appearance and disappearance has resulted in a 
series of interesting and important discoveries, — 1. 7%e changes occur 
periodUcaUy in cycles of oJbdMA 11 years; 2. These periodic changes ex- 
actly correspond to the periodic changes of the earth's heat, rainfall, 
and magnetism. Professor C. P. Smyth has shown that a great wave 
of heat passes over the earth every 11 years, the wave commencing 
with the commencement of the sun-spots, while Meldrum, of the 
Mauritius Observatory, states that the cyclones of the Indian Ocean 
are most frequent in years of maximum sun-spots, and that the raln- 
&11, at least in tropical countries, is greatest in years of greatest 
solar disturbance. The spots are mainly confined to two narrow 
zones, one on either side of the equator, and extending from the 8th 
to the 36th degree. In the neighoourhood of the spots are what are 
termed Facoln, or bright patches, which are believed to be immense 
banks or ridges of vapour, of several thousands of miles in extent. 
Allied to these, though perhaps not identical, are the FromlneaceB 
wliich are seen on the margin of the sun's disc during a total eclipse, 
and which consist of red masses of glowing vapour. These occur 
chiefly in the spot zone. Some appear for a few minutes only, while 
others are visible for several days. These Prominences, however, are 
but prolongations of the Chromospliere, which is a rim of red lumin- 
ous matter surrounding the margin of the solar disc to a depth of 
some 8000 or 4000 miles. During total eclipses of the sun a still 
more extraordinary phenomenon, and one which has untU recently 
baffled all attempts at explanation, is what is known as the Ck>roiia, 
which presents the appearance of a '* glory" encircling the head of a 
saint in some Italian pictures. In me region immediately beyond 
the Prominences streaks of li^ht shoot far up into the heavens, some- 
times to a distance far exceedmg the sun's diameter. This remarkable 
appearance was at different times attributed to a lunar or solar atmo- 
sphere. But the moon seems to have no atmosphere, and any atmo- 
sphere the sun may be possessed of cannot account in any satisfactory 
way for many of the phenomena. According to Proctor, the only 
satisfactory explanation is to regard ttke Corona as produced by the 
action of the solar heat on millions of meteorites, or small opaque 
bodies rapidly revolving around the sun in independent orbits, and 
rendered self-luminous by their proximity to the intensely heated 
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central luminary. This theory will account for all, or at least nearly 
all, the observed phenomena, and it wholly harmonises with what was 
alimdy known regarding meteorites — as, for example, the myriads of 
meteoric stones which the earth encounters every year in her revolu- 
tion round the sun, and which, coining within the sphere of her attrac- 
tion, fall upon her surface ; and the so-called rings of Saturn, which are 
now known to consist of an infinite number of very small satellites, 
chasing each other, in closely proximate orbits, around the planet. 
The 169 small planets, revolving round the sun between the orbits of 
Mars and Jupiter, probably afford another still more striking example ; 
while the so-called Zodiacal Light, which has the appearance of a 
faint nebulous aurora surrounding the sun, and beyond the area of 
the Corona, must now be regarded as a mere continuation of the 
latter. Finally, as regards the Physical Constitution of the sun, 
modem science, aided by the Spectroscope (see below), has shown 
that the materials of wnich the sun is composed are not different 
from those of which the earth and planets are formed. Sodium was 
first discovered, and afterwards iron, magnesium, barium, copper, 
zinc, calcium, chromium, nickel, titanium, together with hydrogen, 
which is largely present, besides two other gases not yet identified. 

Tlie nanets. —The sun, in his journey through space, is accom- 
panied by a number of dark bodies called planets {wandering stars), 
which revolve around him in nearly circular orbits, at different dis- 
tances, and with widely different velocities. There are at present 
known to science 178 of these bodies, but every year is adding to the 
number. Nine of these (Vulcan, Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn, Uranus, and Neptune) are bodies of vast size, some 
of them, indeed, greatly exceeding our earth in dimensions. The re- 
maining 169 (known as asteroids, planetoids, or minor planets) are so 
small that until the present century they had eluded human observa- 
tion. They are all situated between the orbits of Mars and Jupiter, 
where they fill a mighty gap in the system, and are possibly the 
fragments of an ordinary-sized disrupted planet. All the planets 
between the sun and this gap are named interior or tw/mor* planets, 
while those more remote are known as exterior or superior. Besides 
being dark, opaque bodies, shining by reflected light derived from 
the central lummary, all the planets, large and small, possess the 
following common characteristics : — 

1. They revolve round the sun in the same invariable direction, that 
direction being from west to east, or contrary to the motion of the hands 
of a watch — each revolution constituting the planet's year. 

2. They revolve in elliptical, though nearly circular orbits, the sun 
being situated not in the centre but in one of the foci of the ellipse. 
The distance between the focus and centre of the ellipse is called the 
planet's eccentricity. 

8. The planes of their orbits are more or less inclined to the ecliptic 
(or plane of the earth's orbit) — that is, to the plane of the sim's equator 
produced as far as Neptune. 

* Some astronomers limit the word ** interior" to those between the sun and 
earth, and " exterior " to all the rest 
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4. They rotate on their axis like a spinning-top, and always in the 
same direction of west to east. Thus any spot on the surface of a pluiet 
is constantly moving eastward : such rotation constitutes the planet^ day. 

5. In all of them the axis of the planet is inclined to its own orbit, 
and not at right angles to it. Hence its days vary in length at different 
seasons of the year. 

6. The axis of a planet constantly points to the same star, and is there- 
fore parallel to itself throughout the year. On this great fact depends 
the planet's various seasom ; the greater the inclination of the axis, the 
greater the contrast between the planet's summer and winter. 

7. Their orbitual velocity is greatest when nearest the sim (perihelion), 
and least when most remote {apkelion). 

8. The greater the mean distance of a planet from the sun, the longer 
is its year. 

9. The radius-vector (or line connecting the planet's centre with that 
of the sun) describes equal areas in equal times. 

10. The squares of the periodic times of any two planets have the same 
ratio as the cubes of their mean distances. 

Wliy the Planets move In Elliptloal OxtiltB.— Elliptical motion 
is the result of the composition of two forces acting on the planet 
simultaneously, but in different directions. The first of these is 
called the centrifugal or tangentiaZ force, and is that which the 
planet received from the hand of the Creator when originally launched 
into space. This force, if unrestrained by any opposing one, would 
carry the planet wholly away from the sun, and project it into the 
depths of infinite space. But it is opposed or counteracted by the 
centripetal force, a force always acting at right angles to it, and 
directed towards the sun, or rather towards the centi*e of gravity of 
the entire system — a point situated within that body, thoush at a 
great distance from its centre. The latter force, again, if acting 
alone, would cause the planet to move towards the sun in a straight 
line, and with continually accelerated speed. But as both forces are 
incessantly operating, the planet must, in giving obedience to each 
of them, describe a curvilinear path. 

The curve so described will, in every case, be one of the conic sec- 
tions — that is to say, it will be one or other of the various cuiTes 
obtained by cutting a cone in all the possible directions. It will 
depend, however, on the particular circumstances of the case— viz., 
direction, distance, and velocity — which of the curves shall bo 
described — i.e., whether a circle, an ellipse, a parabola, or an hyper- 
bola. Thus, the orbit will be a circle, when the square of the tan- 
gential velocity is equal to the diameter of the circle multiplied by 
the centripetal velocity ; it will be an ellipse, when the former pro- 
duct is greater than the latter ; a j^arodo^ when the former product 
is exactly twice as great as the latter ; an hyperbola, when more than 
twice as great ; and, in every case, the angular velocity of the radius- 
vector must be inversely proportional to the square of the mutual 
distance of the two bodies. 

In the accompanying diagram let A represent the earth and S the 
sun, and let us suppose that the earth, having been projected forward, is 
moving in a straight line with a velocity that woula carry it on to fi in 
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the space of a month, while the attraction of the sun, under whose influ- 
ence it is moving, would bring it to C in the same time. Now, as the 
earth is impelled 
by two forces act- 
ing perpendicularly 
to each other, it is 
obvious that it will 
obey neither the 
one nor the other, 
but, like a ball 
struck at the same 
instant by opposite 
forces, it will move 
in a direction be- 
tween them. It 
will not, however, 
like the ball, move 
in a straight line, 
or, as it is said, de- 
scribe the diagonal 

bl^S^^^ M^he ^'^'■^'^^ '"^'''^' ^^^ ^^''"''• 

power of attraction continues to act upon the earth without ceasing, it 
continually draws it out of the straight line, and thus converts its course 
into a cu)'ve. lliis is exemplified in the parallelogram A B D C, in 
the foregoing diagram. A l5 is the line described by the earth in the 
same time in whicn it would have described either the line A B or A C — 
that is, according to our supposition, in the space of a month. A D is of 
course a curved fine, but as every point of it may be considered as con- 
stituting the diagonal of an infimtely small parallelogram, the earth may 
be said to move as a ball would under similar circumstances. The earth 
is now at D, and its tendency is to move in a straight line to F in the 
siHace of a month, while the attraction of the sun would bring it to £ in 
the same period of time. But, as before, the earth will follow neither 
the one impulse nor the other, but will move between them in the line 
D G, which it will describe in the same time in which it would have de- 
scribed either the line D F or D E — that is, in the space of a month. We 
have now the earth at the point G, and its tendency is to move in a 
straight line to H in the space of a month, while the sun*s attraction 
would carry it to E in the same time. But the combined action of these 
two forces will, as in the foregoing cases, cause the earth to move between 
them in a curved line — that is, it will describe the line G I in the same 
time in which it would have described either G H or G K. 

Tlie Interior and Exterior Planets ooini>ared. — The interior 
planets differ from the exterior in the following particulars : 1. The 
interior planets are all much smaller than the exterior. Thus the 
Earth, which is the laigest of the former group, is only -r^ir P^^^ ^^ 
the size of Jupiter, the largest of the latter. 2. All the interior 
planets are very near the sun as compared with the exterior, which 
are placed at vast distances. Thus the distance of Jupiter is five 
times that of the Earth, while Neptune, the most remote planet, is 
no less than thirty times further off. 3. The density of the interior 
planets is, on an average, six times greater than that of the exterior. 
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The specific gravi^ of Mercury, the nearest to the sun, is 1.24 times 
the density of the £arth, whUe that of Neptune, the most remote, is 
only .17, or f of the former. 4. With the exception of the Earth, 
none of the interior planets possesses a satellite, while each of the 
exterior is attended oy several. 5. The exterior planets, though 
very large, rotate on tneir axes much more rapidly than the interior 
— ^the average time of the former heing 9h. 58m., and of the latter 
24h. 6. The planes of the orbits of the interior planets are less inclined 
to the ecliptic than those of the exteridr. Thus the orbit of Mercury 
makes an angle of 7° with the ecliptic, that of Yenus 8^% and that 
of Mars nearb^ 2°, while that of Jupiter is only 1° 19' that of Saturn 
2l\ that of Uranus 46', and that of Neptune V 47'. 

The Earth as comi>ared wltli the other Planets. — The more 
closely we compare our own globe with the other worlds in the solar 
system, the more we shall be satisfied that we are specially favoured, 
being exempted from all injurious extremes. 1. Its orbit lies in the 
plane of the sun's equator, all the others being more or less inclined 
to it. 2. Its orbit is but slightly eccentric, while its nearest approach 
to the sun occurs during the winter of the northern hemisphere, 
where the great bulk of the land is situated. 8. Its distance from 
the sun exempts it from burning heat and extreme cold. In a word, 
so far as we Imow, there is no other planet that presents conditions 
so favourable to animal life and enjoyment. Indeed it does not 
appear that any one of these bodies (unless Mars be an exception) is 
fitted to be the abode of any animal or plant with which we are 
acquauited. 

Astronomical Tables. — The following tables— originally con^ 
structed by Professor C. Piazzi Smyth for * Pillans* Physical and 
Classical Geography' (Edinburgh, 1854), and subsequently revised 
by him and brought down to the present state of astronomical science 
— ^give in detail all the most important of the numerous interesting 
facts hitherto ascertained regarding the different members of the 
solar system. On comparing these tables with those contained in 
the work referred to, it will be seen that astronomers have not been 
idle during the last quarter of a century ; that numerous corrections 
and rectifications have been made in almost every column ; and that, 
in particular, the great physical problem of the age — the true mean 
distance of the sun from tne earth — has made rapid progress towards 
a satisfactory solution. That distance, it may now be confidently 
assumed, is 92,093,000 miles, for that is at once the ^nd mean of 
all recent researches, as also the number clearly indicated by that 
marvel of architecture, the Great Pyramid, now shown to have been 
erected b.o. 2170. 

In accordance with the third law of Kepler, the Earth's distance 
from the sun determines the distances of all the other planets, the 
proper numbers for which have been drawn up by the indefatigable 
W. Petrie, civil engineer, whose labours have had no small share in 
solving the great problem referred to : — 
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The Solab System. 



Names and order 

of the 

planets. 



Sun 
Vnlcan 
Mercury 
Venus 
Earth 
Mars 

Minor ) 
planets j 
Jupiter 
Satnm 
Uranus 
Neptune 



Mean distance 

from the sun 

In miles. 



18,082,000 
36,649,000 
66,614,000 
92,093,000 
140,322,000 

259,000,000 

479,141,098 

878,461,000 

1,766,666,000 

2,766,133,000 



Periodic 
time of 

revolution 
in mean 

solar dajfs. 



19.81 

87.97 

224.70 

866.26 

686.98 

1,684.74 

4,832.62 
10,769.30 
30,686.82 
60,126.71 



Velocity 
in orbit 

^ir hour 
mUes. 



17,588 
174,000 
106,330 
77,060 
66,683 
63,090 • 

89,882 

28,744 
21,221 
14,963 
11,968 



Time of 
rotation on 

axis in 
solar days. 



days, ho. m. 

26 7 48 

10 5 

23 21 

10 

1 87 



9 66 

10 29 

9 30 




6.656 

1.932 

1.000 

.436 

.180 

.036 
.011 
.003 
.001 



II 






1 





4 
8 
4 
1 



Sun 
Vulcan 
Mercury 
Venus 
Earth 
Mars 
Minor ) 
planets) 
Jupiter 
Saturn 
Uranus 
Neptune 
Moon 



^ 




u 


•35 


3£ 


1^. 


r 


Ill 


852,380 


852,684 


785? 


785? 


2,062 


3,050 


7,610 


7.610 


7,899 


7,925 


4,086 


4,920 


670 


. 670 


83,151 


88,400 


64,714 


71,904 


29,722 


33,024 


36,620 


86,620? 


2,159 


2,169 



Volume or sire- 
Earth =1. 



1,246,130.000 

.062 

.861 

l.«'0u 

.189 



1,387.481 

746.898 

72.369 

98.664 

.024 



Mass or 
weicht — 
Earths 1. 



314,760.00 

.07 

.79 

00 

.12 



800.86 

90 03 

12.64 

16.76 

.013 







"Si 




llll 


sill 




• / // 


.25 


27.20 




1.24 


1.15 




.92 


.91 


49 68 


1.00 


1.00 


23 27 24 


.96 


.60 


28 61 


.22 


2.45 


3 4 


.12 


1.09 


2649 


.18 


1.05 


76 


.17 


1.20 


26 


.61 


.17 


182 



The Satellites. — As will be seen by the foregoing tables of the 
solar system, most of the planets are accompanied by one or more 
satellites or moons. These revolve around their pnmaries in the 
same way and in the same direction as the latter do around the sun, 
with the exception of the satellites of Uranus, which, strange to say, 
move from east to west. Moreover, all the satellites, like the planets, 
rotate on their axes in the same direction as their primaries (west to 
east). But it is a cuiious fact that any satellite's time of rotation is 
precisely the same as its time of revoItUion round its primary,, thus 
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presenting to the planet the same invaiiable side. To this nile our 
own moon forms no exception. Of the eighteen moons known to 
belong to the solar system, no fewer than seventeen pei*tain to the 
four exterior planets, the earth being the only interior one that pos- 
sesses such a companion. 

In regard to the Density of the satellites, while the density of the 
moon is i that of the eartji, the satellites of Jupiter slightly exceed, 
on an average, that of the primary, being .288. Hitherto the densi- 
ties of the other satellites have not been ascertained. In addition to 
his eight satellites, Saturn is accompanied by several colossal rings, 
which are now believed to consist of myriads of small opaque bodies, 
each moving independently and in its own orbit around the planet, 
but forming collectively a series of luminous streams, which in their 
nature resemble the meteorites through which our planet annually 
passes, and which circulate round the sun. 

Tlie Moon, or Earth's Satellite. — The Earth is more favoured than 
any other interior planet, by having an attendant satellite, the influ- 
ence of which on our globe is fraught with numerous beneficial results. 
Among the most obvious of these we need only mention, — 1. that 
being suspended aloft in the heavens she intercepts the sun's rays, 
and reflects them like a mirror on the side of the earth nearest her, 
thus giving us a beautiful though feeble and variable light during 
the sun's absence. A lunar day consists of 24 h. 50 m. 

In the annexed diagram S represents the sun, E the earth, and m the 
moon, in eight different positions, and exhibiting ei^ht different phases. 
Thus, m^ is the new moon, when the satellite is directly between the 

earth and 
the sun, and 
presents her 
dark side to 
us. At w* 
she begins to 
appear ; m^ 
denotes half- 
moon, when 
we can see 
half her illu- 
minated disc; 

Phases of the Moon. " m« shows full 

moon, as we 

can see the whole of her enlightened surface ; vn? the third quarter, when 
again we see half of her bright side, &c. 

2. That, by x)owerfully attracting the earth's waters, she mainly 
causes and regulates the tides of our planet. 3. The moon has a 
great influence on our weather, as also on vegetation, especially in 
ripening the cereals. 4. Braun has recently shown that she also 
affects the earth's magnetism. The moon's polar diameter is 2158 
miles, her volume ^^ that of the earth, but owing to her small 
specific gravity (0.61) her mass is onlv ^ that of the latter. At the 
moon's surface a body would fall only 2| ft., instead of 16^^ ft. as 
with us. Her mean distance from the earth is 238,818 miles, or 
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j^ part of onr distance from the sun. Hence her attractive energy 
is greatly more powerful on our planet than that of the sun, the 
former heing to tne latter as 5 is to 2. Her time of revolution round 
the earth, as also her time of rotation on her axis, is 29d. 12h. 44m. 
Her orbit is inclined to that of the earth at an an|;le of 5° 8', but for 
which we should have an eclipse of the sun ana moon alternately 
every fortnight. There is a total etiUpse of the sun when the moon 
is near the earth, and the sun, moon, and earth are in the same straight 
line ; and an annular eclipse when, being more remote from the 
earth, her apparent diameter is less than that of the sun ; and there 
is an eclipse of the moon when the earth comfs between her and the 
sun, as the moon is then obscured by passing through the earth's 




Tofal Eclipse t^th* Sun. 




Eclipse of the Moon, 

shadow. From the accompanying diagrams (in which m, w, represent 
the direction of the moon m her orbit), it will be seen that an eclipse 
of the sun can only take place at new moon, or when her dark side is 
towards the earth ; while the moon can only be eclipsed when she is 
full, or has her bright side turned to us. The surface of the moon 
presents the aspect of a volcanic wilderness, being interspersed with 
enormous crateriform mountains, dykes, and lava streams, while no 
diversities of sea and land are discernible, and no atmosphere. 

^**** jTTi^® moon's attractive energy (aided by that of the sun at 
new and full moon) raises the waters of the ocean into a great tidal 
wave, which seems to follow the satellite in her path through the 
heavens. This attraction, however, directly accounts for only one 
h^h tide at any place every lunar day of 24 hours, 50 mmutes ; 
whereas, in reality, there are two high tides, occurring at inten als 
of 12 hours, 25 minutes. The other takes place at the same instant, 
but on the opposite side of the earth's surface, and is caused by the 
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thua remun in orrear, dud apparent!; recede. When the niooD is in 
the position M [tuw moon), or at m (/kU moon), it acts in eoi^iinelion 
with the Ban. The tidea on both sides of tlie eaitii are then at the 
highest, and are called Spring or high tides. But when the moon is 
at M' {firtl qvarler), or at m' {laal qiiarter), the waters riss the least, 
as the attraction of the suii, acting at right angles to that of the 
TDOon, considerably neatralises the effect of the latter, and prodnces 
what are known as Neap or lotc tides. 

Other Memb«n of the SoIat System. — Betides the mm, planets, 
and saMllitea, there are vast numbers of other bodies belonging to 
the Bolw system, whose nature is less understood, but which doubt- 
less perform very important functions in nature. 

(Mniuta. — The most notable of these are known by the name of 

comets (Or. cami, hair), owing to their bearded or hair7 atipeaiance. 

They resemble rockets 

with sweeping tails of 

burning vapour, and 

consist of three parts: 

1. The nucleus, or 

brightest and densest 

portion ; 2. The coma, 

ir clond-like mass sur- 

onnding the nucleus ; 

and 3. The tail (which 

becomes fainter the for- 

I ther it recedes from the 

nudens), thongh many 

are destitute of that 

appendage. Like the 

Ltmritr mo. planets, comets revolvs 

round the sun, thongh 

in very elliptical orbits, many of them, no doubt, forming parabcJic 

corves, and never retnming to visit our aystem. WUle uie orbits 




HATHEMATIOAL GEOGRAFHT. 13 

of the planets are nearly in the same plane as the ecliptic, those 
of the comets are highly inclined to it ; and in regard to the majority 
of them (as Halley's), their orbitual motion is in a direction contrary 
to that of the planets. The distance to which they recede from the 
snn varies greatly ; for while the orbit of Encke's comet is within 
that of Jnpiter, that of Halley's extends far beyond the orbit of 
Nieptune. In like manner, their periods of revolntlon vary greatly, 
Encke's requiring 8| years, Biela's 6|, Halley's 76-1 years ; while 
the great comet of 1680 is supposed to have a period of 675 years, and 
that of 1811, 3065 years. At its perihelion (least distance from the 
sun), Newton believed this comet came within 150,000 mUes of the 
snn, or I of his diameter, and to have had a heat exceeding 2000 times 
that of red-hot iron ! Comets are only visible when at or near their 
perihelion ; and while some are so bright as to be seen in daylight 
by the naked eye, others can only be distinguished through the 
telescope. They are known to possess very small density, as the 
stars can sometimes be seen through their nucleus, or densest part 
Though their apparent size is immense, their mass is so insignincant 
that when approaching the planets they produce no appreciable effect 
on them ; while, on the other hand, the attraction of a planet fre- 
quently compels the comet to move in a totally different ellipse. 

Ueteon and Meteorites. — One of the ^-eatest discoveries of 
modem astronomy is the v^ry close connection subsisting between 
meteorites and comets. It has been found, for example, that the 
orbits of two well-known comets accord with those of the two best- 
known meteoric systems ; while the spectroscope shows a similar iden- 
tity of materials, which do not differ from those constituting the 
sun and planets. In fact, comets are now rc^rded as mere clouds of 
meteorites. Under the term meteors are included all those bodies which 
reach the earth's atmosphere from without. When they make their 
way unbroken through the atmosphere to the earth's surface they are 
known as Meteorites, or Aerolites, specimens of which may be seen 
in the British Museum ; but when they explode during their passage 
through it, owing to the intense heat caused by their rapid motion 
through a resisting medium, they are termed fire-balls ; and when 
the extreme heat has consumed them, leaving ashes and cinders only, 
they are called shooting or fUUng stars. It is now fully ascertained 
that all meteors, before approaching the earth, move round the sun in 
highly eccentric orbits, like the comets. In her annual journey 
reuna the sun, the earth encounters vast numbers of these bodies, 
especially between August and November ; but as they are equally 
numerous within and without the earth's orbit, the number belong- 
ing to the solar system must be beyond all reckoning. It is now 
known that two well-marked meteoric systems travel in orbits of such 
enormous eccentricity as to be almost parabolic. One of these sys- 
tems is what is known as the "August meteors," the orbit of which 
is identified with that of the comet HI. of 1862. This comet is known 
to have a period of 145 years. The "November meteors," again, 
occupy a period of 88} years, and pursue the same track as Tempel's 
comet I., 1866. Astronomers believe that meteors in general follow 
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extremely elongated orbits, which are inclined to the ecliptic at all 
}x>88ible angles. The whole extent of the solar S3^stem is evidently 
strewn with meteoric systems, and it is calculated that one sach 
system contains 100,000 millions of separate bodies. In general 
these bodies are very small, not exceeding a few ounces in weight, on 
an average, yet the aggregate weight of a system must amount to 
millions of tons. Now there must be myriads of such systems circling 
around the sun, some of whose members are incessantly falling on the 
earth and moon, and on every other planet and satellite belonging to 
our system. These ai'e all, therefoi'e, silently and slowly increasing 
in volume and mass. From his superior attraction the sun must 
draw towards him a vastly greater proportion of them than all the 
planets combined. Thev cannot avoid this fate, as they must often 
come into collision with each other, seeing they do not move in 
the same direction, nor with the same velocity. This collision 
must weaken or wholly destrov their velocity, and then they must 
infallibly be precipitated on the sun's surface. The nearer they 
approach the sun in their fall, the greater becomes their speed, so 
that when they come in contact with the solar mass the momen- 
tum must be tremendous, and the heat generated be intense beyond 
conception. Indeed it is here that we perceive the great purpoM 
and deilgii of these bodies. The light and heat proceeding from 
the sun is inconceivably intense, and without some supply from 
without, we cannot imagine it possible that in the course of ages 
they should not manifest some signs of abating. If these things be 
so, it is obvious that we have here the ezpumation of one of the 
greatest physical wonders in the universe. 



IL— RELATION OF THE SOLAH SYSTEM TO 

THE UNIVERSE. 

The Solar System forms but a very small part of the material 
universe. When we survey the heavens at night, we behold a 
multitude of luminous objects called ivxed stars, which by their 
paler and more silvery light, and still more by their twinkling, 
are easily distinguished from such of the planets as can be seen 
by the naked eye, all of which shine with a yellowish, mellow, 
and steady ray. 

Number of the Stan. — The fixed stars appear to the spectator 
to be of very different sizes, and this difference enables the astrono- 
mer to arrange them into classes, and tiius to form some estimate of 
their number. Those visible to the naked eye are divided into six 
classes. The brightest are said to be of the first magnitude, and are 
about twenty in number, the seven brightest being Sirius, Ganopus, 
Alpha Draconis, Arcturus, Riga, Capella, Vega ; those of an inferior 
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degree of brightness, of tlie second magnitude ; and so on, down to 
those of the sixth magnitude, or the smsllest that can be seen with- 
out a telescope. The total number of stars visible to the naked eye, 
in a clear moonless night, is about 5000. It is only at the equator, 
however, that so large a number can be seen, for there only has the 
spectator the opportunity of seeing the whole heavens without 
altering his position. Should he take up his position at either of the 
poles, no more than half the starry firmament can ever pass in review 
oefore him ; while at all intermediate positions, the number of stars 
visible in any one night will depend on the latitude of the place. 
Thus, the number visible to the naked eye at Berlin is about 8256. 
The telescope vastly extends our power of vision, and astronomers 
are familiar with stars of the sixteenth degree of magnitude. No 
fewer than 13,000 stars belong to the seventh magnitude alone; 
20,000,000 belong to the first fourteen magnitudes ; while the total 
number of stars visible by means of the best telescopes is estimated 
at 500,000,000,000, or half a million of millions ! 

XMstanoe of the Stan. — ^The distance of the fixed stars from our 
-sun is as inconceivable as their number, and till recently there were 
no reliable facts on which to build any probable calculation. In the 
y6ar 1888, however, the parallax (or angle subtended by the diameter 
of the earth's orbit, as seen from a star) was measured in the case of 
three of them — viz.. Alpha CentavH, 61 Cygni, and Alpha LyrtB, 
whose respective parallaxes were ascertained to be one second, one" 
third of a second, and a quarter of a second. The major diameter of 
the earth's orbit being about 184,186,000 miles, a parallax of one 
second will give a distance of twenty billions of miles, or 280,000 
times the distance of the earth from the sun. This, then, is the 
probable distance of our sun from the nearest fixed star, — a distance 
so great, that light, which travels at the rate of 186,663 miles per 
second, would require 3} years to traverse it. The distance of the 
star 61 Cfygni, its parallax being onlv one-third of a second, will be 
three times as great, and of Alpha Lyrot four times. The distance 
of 12 fixed stars is now approximately determined. 

Kagnltude of the Stan. — The actual ma^itude of even the 
nearest of the fixed stars is still very uncertam ; though it is the 
general belief of astronomers, founded on careful calculations, that 
many of them are greatly laiger than our sun. Were our luminary 
and Alpha Centauri, for example, to exchange places, it is calculated 
that we should enjoy three times more light than we do at present, 
and hence, it is argued, that star is five times larger than our lumin- 
ary. Sirius, dealt with in the same manner, would appear to have 
a volume exceeding that of the sun about 2700 times. But consider- 
able uncertainty attaches to this method of determining the magni- 
tude of the heavenly bodies ; for the amount of light which reaches 
our world from a star does not depend on its magnitude alone, but 
also on its distance and intrinsic splendour. 

Motion of the Stars.—- The so-called '* fixed stars " are, in reality, 
all in motion, and no fixed point — no object absolutely at rest— can 
be met with in the material universe. The power of gravitation. 
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which hinds together the namerous memhers of the solar system, 
appears to he equally opefative among the most distant ohjects in 
space. The relative distances of the fixed stars, and, conseqaently, 
the configuration of the constellations, are imperceptibly but daily 
altering. Of all the bright stars known to the ancients, not one has 
kept its place unchanged. While some vary onl^ the twentieth part 
of a second annually, others vary from seven to eight seconds. Even 
our own sun, so long regarded as stationary, is now ascertained to be 
in rapid motion through space, carrying our earth and the other planets 
in his train, and traversing daily a distance of 432,000 mues, — ^a 
space exceeding his own ramus. It will probably, however, be a 
long time yet before astronomers are in a position to determine 
whether this motion of our system through space is in a right line or 
curvilinear ; and, if the latter, what that point is around which it is 
revolving. Dr M&dler of Dorpat has, indeed, hazarded the conjec- 
ture that our sun is only one of the millions of stars of the well- 
known Milky Way, which consists of a mighty ring, or wheel of 
stars, greatly crowded together at the circumference, but compara- 
tively few towards the centre. The central group of this grana sys- 
tem which composes our firmament, is, he thinks, the Pleiades, 
which revolves round Alcyone, the brightest orb of that beautiful 
constellation. The distance of our sun from that centre of force he 
calculates at 81,500,000 times the distance of the earth from the sun, 
— a distance so ^reat that light could not traverse it in less thiui 600 
years, and requiring 18,200,000 years for our sun to complete one 
revolution ! but however lofty such conceptions of genius may be, 
they are not, as yet, to be regarded as established scientific truths.* 

Coloured Stars. — Besides differing in magnitude and brightness, 
stars display also the richest variety of colour. Viewed through the 
telescope, some are red or of a deep ruby, some orange orydlow, while 
others, cenerally the smaller companion stars, are blue, green, violet, 
indigo, &c. Thus, Sirius, Oapella, &c., are white ; I^ocyon, Pollux, 
and Arcturus, yellow; Yega and Altair, pale blue; Antares and 
Aldebaran, ruddy, — and so on. Among double stai's, complementary 
colours are common, — the brighter star usually having a yellow, 
orange, or red colour, and the smaller, puiple, blue, or green. 

VfuriaUle Stars. — These present the singular phenomenon of a 
change in their brightness, undergoing a regular alternate increase 
and diminution of lustre, while several wholly disappear for a time. 
Some are remarkable for the shortness of their period of variation : 
thus Algol takes only 69 hours to complete its change; during 
62 hours it shines as a star of the second magnitude, when it sud- 
denly begins to wane to a star of the fourth magnitude, and returns to 
its former brilliancy in 34 hours more ; while the star Eta, in 
Argus, takes 46 years to complete one such revolution. The cause 
of tneir variation of luminosity may be due either to their turning on 
their axes — one side of the star being, possibly, darker than the other ; 
or to an opaque body, such as a planet, coming in periodically between 

* On this subject see an important paper by Cockbom Muir. Esq.. C.R. in 
• Life from the Dead/ vol iv. p. IM. 
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the star and the earth. From 200 to 300 stars are now recognised as 
variable. 

OlaBBlflcation of Stars according to their Spectra. — ^The spectro- 
scope leaves no doubt that the stars more or less resemble our sun 
in tiieir general constitution, their spectra being nearly identical with 
his. Minate differences, however, appear, whidi have enabled 
astronomers to divide them into four orders. The first includes those 
which shine with a white light Their spectra show all the seven 
colours, crossed by multitudes of dark lines, and always by the four 
lines of hydrogen. The second includes most of the yeUow stars. 
Their spectra exhibit the Fraunhofer lines, especially red and blue ; 
and of all the four orders observed they appear most to resemble the 
sun in constitution. The third order embraces most of those shining 
with a red light, their spectra being somewhat like that of a sun- 
spot ; and hence Secchi infers they are partly covered with spots 
like the sun. The fourth differs only from the last in the arrange- 
ment and appearance of the bands, and embraces only faint stars. 



III.— THE EARTH VIEWED INDIVIDUALLY. 

Having thus traced the relation of the Earth to surrounding 
worlds, we now return to examine that planet more minutely. 
Its /orm is that which a perfect sphere of semi-fluid consistency 
would assume, were it made to revolve around its axis with the 
same rapidity as the earth does. Such a form is called an 
oUaie mheroidy* — ^that is, a sphere somewhat flattened or com- 
pressed at the poles, like an orange. The larger or equatorial 
diameter exceeds the polar diameter by 26 miles — the former 
being 7925, and the latter 7899 miles. In round numbers, 
the diameter may be stated at 8000 miles ; the radius, or semi- 
diameter, at 4000 ; the circumference at 25,000 ; the area, or 
superficial content, at 197,000,000 sq. m.; the volume, or solid 
content, at 260,000,000,000 cubic miles ; and the weighty or mass, 
at 6000 trillions of ton8.t 

* A prolcUe spheroid, on the contrary, is a sphere somewhat elongated in the 
direction of its poles, forming a body ^aped hke a lemon, 
t Xyros in mathematics may be reminded of the following facts : — 

1. The circumference of a circle, or sphere, whose diameter is 1, is = 8.1410, 
or 84 nearly. Hence, to find the circomference of any other circle, or sphere, 
multiply its diameter by S\. 

2. The area of a circle is found by multi- 
plying its radius by half its circumference. 
Thus the area of the cirele ^ D is equal 
to the area of the triangle ABC^ the base 
of which, A B, is = the circumference of 

the circle. More briefly, area a "^- ^ ^*"^ 

B 




18 PHYSIOGRAPHY AND PHYSICAL GEOGRAPHY. 

Proofli of the Earth's Botnndlty. — ^Among the numerous proofs of 
the spherical form of the earth, the following may be mentioned : — 

1. A much greater extent of the earth's surface is visible from the 
top of a mountain than from a plain near the level of the sea. 

2. As the mariner nears the land, he first sees the tops of the 
mountains ; and, on approaching nearer, the lower grounos become 
visible. 

3. In cutting for a canal, it is found that allowance must be made 
for a dip of about 8 inches per mile, in order to keep the water at a 
uniform level ; while, approximately, the summit of a tower is visible 
at a distance of as many miles as the square root of its heisht in feet. 

4. In travelling to any considerable distance, either norm or south, 
new stars come to view in the direction in which the traveller is ad- 
vancing, while others disappear in the direction from which he is 
receding. 

5. Many navigators, who have sailed constantly in one direction, 
whether due east or due west, have returned to the port from which 
they set out 

6. The shadow which the earth casts on the moon, during an 
eclipse, is always circular. 

7. All the other members of the solar system are spherical. 

Standards of Metrology.— Very much depends on the exact deter- 
mination of the size, shape, and mass of the planet which we in- 
habit, as on these depend, or at least thouJd depend, all our standards 
of length, capacity, and weight. Almost every object in outwaixl 
nature presents certain variations or fluctuations, in length and 
Tolume, according to temperature, pressure, and numerous other 
circumstances. Perhaps the sole really stable and unvarying line 
within the sphere of man's knowlet^e is the polar diameter of the 
earth. While all other measurable lines fluctuate in length, thiu 
has remained ever the same, at least since the earth became the 
abode of man. Modem science has approximately determined the 
length of this diameter to be 7899.17 English miles, and the polar 
radius (or man's distance from the centre of his earthly home) as 
8949.585 miles. Reduced to inches^ we have for the radius the 
number 250,250,000 inches. Now, let us divide this number by the 
length of the ancient sacred cubit (a cubit which, Sir Isaac Newton 
has shown, was 25.025 British inches), and we have the grand even 
number 10,000,000. The cubit, then, was the ten - millionth part 
of the earth*9 polar radius. That radius is all-important as a true 
standard of measure. If all civilised nations only agreed to employ 
this most ancient cubit as their standard of measure, all our present 
grievously conflicting measures (whether of length, capacity, or 

D 3. The area of a sphere is equal to the convex area of ths 

\ circumscribing cylinder, A BCD ; and its solid content, S, is 
U< equal to } of the solid content of the circumscribing cyUnaer. 

Or, Area = D« x 3.1416; 5 = ^^' ^ "^^ ; Weight = 10" x 

B weight of Great Pyramid = 10^* x 6,000,000.ton8. 
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weight) would be infinitely simplified ; and we should have one 
grand unvarying standard by which we could measure and weigh not 
only the material objects on the earth's surface, but also the earth 
itself and the other members of the solar system. We have seen that 
the sacred cubit is exactly TTr.Tnhr.innrth P*rt of the earth's ^lar 
radius ; whereas the much-vaunt^ French mktre (=39.3708 British 
inches) is, or rather was meant to be, the 10,000,000th part of a 
qitadrant of the earth* 8 meridian. It is now ascertained, nowever, 
that no two meridians are of the same length, some of them being 
fully two miles longer than others ; that no meridian is either a true 
circle, an ellipse, or any other mathematical curve ; and that no man 
on earth knows, or ever did know, the length of that meridian which 
passes over Barcelona and Dunkirk. That short distance was the 
only portion measured by the French commissioners, in 1795, in their 
attempt to find an accurate basis for their new metrical system. The 
two places, however, are not on the same meridian ; tne Pyrenees 
formed a mighty obstacle in their way ; and, at best, the difference 
of latitude between the two places was less than ten degrees/ There- 
fore, however accurate the measurement might have been, they were 
not justified in regarding so small an arc as the ninth part of the 
distance from the equator to the pole. Assuredly, the more that 
exact science is cultivated, the more indefensible must become the 
French TnHre as a true and accurate unit for the metrology of all 
nations. 

Materials, Density, Internal Heat, and Attractive 
Power op the Earth. — Of the interior of the planet which 
we inhabit we know almost nothing, our observation being con- 
fined to a portion of its external crust, or rind, rarely exceeding 
10 miles in depth, or t^tf of the distance from the smface to the 
centre. Even this insignificant distance is attained by adding 
the height of the loftiest known mountain to the depth below 
the sea-level of the deepest ocean-sounding. The geologist, how- 
ever, without penetrating beneath the surface, but by carefully 
examining the order of superposition of the stratified rocks, has 
made us more or less acquainted with a depth of about 25 miles. 
Small as this portion is, when compared with the immense 
volome enclosea by it, it presents to our view a vast variety of 
substances, each of which has a character peculiar to itself. On 
examination, they are nearly all foimd to be compound bodies, 
which, on being analysed, are reducible to 65 constituent ele- 
ments, 

Constltitenta of the Earth's Crust.— These 65 elements the chemist 
divides into two groups, — the Metallic and the Non - metallic or 
Metalloid. The metals are 50 in number, the best known of them 
being gold, silver, copper, iron, lead, tin, zinc, and. mercury ; while 
the non-metallic class consists of only 15, the principal of which are 
oxygen^ hydrogen, niti'ogen, carbon, sulphur, and phosphorus. Each 
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of these elementary substances has properties peculiar to itself ; and, 
-what is more remarkable, on each of them the Creator has stamxted, 
in deep and indelible characters, a particular number, which forms, 
as it were, the law of its being, and determines in what proportions 
it shall combine with other substances. This law of definite pro- 
poxtioiiB serves in the mineral kingdom the same end as the ikws 
which r^ulate the propagation of species in the vegetable and animal 
kingdoms ; the identity of species is rigidly preserved, and, notwith- 
•standing the prodi^ous number of combinations, all confusion is 
avoided. Among the elementary substances only a very few enter 
largely into the composition of the minerals forming the earth's 
crust, of the oceans and atmosphere above it, or of the plants and 
animals that live on its surface. Indeed, onlv eight are of primary 
importance — viz., three gaseous bodies and five solids. Of the 
former, oxygen is by far the principal, as it constitutes nearly a half 
of the ix)cks forming the solid crust of the earth, eight-ninths of the 
sea, and one-fifth of the atmosphere, thus equalling the combined 
weight of all the other known elements. Hydrogen, again, forms 
one-ninth of the ocean and all other waters on &e globe, besides 
entering largely into the composition of a great many minerals ; 
while nitrogen forms four-fifths of the atmosphere. The five prin- 
cipal solid bodies are, carbon — the main ingredient in fdl kinas of 
wood, coal, and anthracite— and the oxides of iron, silicon, aluminium, 
and calcium, all of which enter largely into the composition of the 
rocky crust of the earth — the carbon and the iron forming, besides, 
prime essentials towards the happiness and civilisation of mankind. 

Of all the elementary bodies only a few are found in nature in an 
uncombined state — viz. (among the metals), only gold, platinum, 
silver, mercuiy, copper, antimony, and bismuth ; wmle of the non- 
metallic substances, only oxygen, nitrogen, hydrogen, carbon, and 
sulphur are so foundl Most of the useful metals are found in chemical 
combination with oxygen and sulphur, or with carbon. 

Density of the Eartii. — Each of these elementary substances has a 
density or specific gravity peculiar to itself, ran^g from hydrogen, 
the lightest of the gases, to osmium, the heaviest metal. In like 
manner, every compound body, formed by the chemical union of any 
two or more elements, has a specific gravity of its own, wliich distin- 
guishes it from all other compounds. But the density of the earth, 
taken as a whole, has hitherto baffled all attempts at accurate deter- 
mination. It has been estimated in three different ways: 1. By 
observing the attraction which a mountain exercises on the plunmiet, 
as compared with the earth's attraction on it. Of this nature were 
the experiments made by Maskelyne, in 1742, on the mountain Schie- 
hallion, in Perthshire, which indicated that the density of the earth 
is 4. 71 3 times that of pure water. 2. By comparing t^e attraction of 
large balls of known weight upon very small Dalls attached to a freely 
suspended bar, as compared with the attraction of the earth upon the 
latter. Such is the torsion - balance experiment of Cavendish, 
which gave a result of 5.448. Mr Baily, in 1843, repeated this 
.experiment with great precaution, and attained a result of 6.567. 
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3. By observing the yibrations of a pendulum at, above, and below 
the surface of the earth, as also in low and high latitudes. The time 
in which a pendulum oscillates varies as the square of its length. 
The length of a pendulum ylbrating seconds, differs considerably 
according as we recede from, or approach, the pole, where the attrac> 
tion of die earth being at its maximum, the time of vibration is 
least. Thus, in the latitude of London the seconds pendulum has 
a length of 39.13929 inches. Such a pendulum, if transferred to 
any place on the equator, will be found too long to beat seconds, and 
too snort if conveyed to either pole. The combined result of these 
various experiments gives to the earth a density of about 5.66 times 
that of water. But more reliance should be placed on the number 
indicated by the Great Pyramid, which in tms, as in so many other 
great cosmical data, has anticipated modem science by more than 4000 
years. It clearly and unmistakably assigns to the earth a density 
of 5.7 times that of pure water at the temperature of 68* Fahr., and 
the consequent weight of our planet as 6000 trillions of tons. 
The density of ffiercury is nearly a fourth greater, that of Venus and 
Mars is nearly equal, while that of the sun and Jupiter is 4, Uranus 
5, Neptune 6, and Saturn 84 times less. 

Xntemal Heat of the Earth. — ^ As the density of the substances form- 
ing the crust of the earth rarely exceeds 2. 5, which is considerably less 
than half its mean density, the obvious inference from the above is that 
the interior of our planet must consist of molten and incandescent, or 
perhaps of gaseous, materials, in a highly condensed state. This infer- 
ence is corroborated by evidence derived from Artesian wells, mines, 
railway tunnels, thermal springs, geysers or intermittent springs, vol- 
canoes, and other igneous phenomena. 1. ArtesUm Wdla afford con- 
clusive evidence that the lower we descend into the crust of the earth 
the temperature is found to rise. Where water from ordinary wells is 
scarce, it maybe obtained by deep borings through the soil and under- 
lying rock. The water thus obtained is uniformly of a higher temper- 
ature than that of the air at the surface, or even than that of ordinary 
springs in the neighbourhood. They are named Artesian, from Artois 
in France, where such wells have for many years been common. One 
such well at Crenelle, near Paris, was sunk, in 1884, to a de^th of 1800 
feet. The average temperature of the neighbouring wells is only 52* 
Fahr., whereas water derived from the Artesian well is 80° higher, or 
1* Fahr. for every 60 feet of descent. A similar well at St Louis, in 
Missouri, has a depth of 8887 feet. Here every 65 feet of descent 
raises the temperatm^ of the water l*" Fahr., — and similar results are 
found everywhere. 2. The evidence from observations in mlnee 
and deep tnimelB is to the same effect, the increase of heat down- 
wards being constant, though greatly differing in amount in different 
localities. In the Mont Oenis tunnel, at a depth of 5280 feet below 
the summit, the increase of temperature is 1** Fahr. for every 93 feet 
in the Prussian mines the average is 1° Fahr. for each 92 feet of depth 
in six of the largest English mines the mean is l** for 44 feet, 
while in the coal-mines of Virginia the average is 1** for 60 feet. 8. 
Tbennal or Hot Sparingly so numerous on the European continent. 
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in mountainous or volcanic regions, have frequently a temperature of 
180° Fah'r. 4. Oeysen, or Intermittent BpriagB, wliicli occur only in 
volcanic regions, as in Iceland, New Zealand, and the basin of the 
Yellow Stone River, Montana. Their action is due to the access 
of subterranean waters to hot rocks, producing steam, which seeks 
exit by conduits upward. In the Yellow Stone Park geysers are 
exceedingly numerous, and play at all heights up to 200 feet or more — 
the most remarkable being the Giant, Liberty Cap, Beehive,* and Old 
Faithful geysers. In the Great Geyser of Iceland, Bunsen found the 
temperature at the surface to be 192*', but at the depth of 72 feet it 
was about 260*". In fine, the average of all known observations 
shows a rate of increase of temperature, as we proceed downwards, 
of 1* for every 5i feet. The temperature of boiling water could 
thus be reached at a depth of less than 2 miles. But there is reason 
to believe that at great depths the increase is considerably slower 
than near the surface, and that the solid crust of the earth has a 
probable thickness of not less than 50 to 100 miles. 

Voloanoes. — But the most decisive evidence of the intense heat of 
the interior of the planet is afforded by volcanoes, or burning moun- 
tains, which exist in such great numbers on the surface of the globe. 
The geologist can demonstrate that ever since the crust of the earth 
became soUdified, volcanic action has existed in all ages of its his- 
tory, and there is no reason for supposing that that action is now 
abating. 

Nature of VoloaiioeB. — The coiTect idea of a volcano is to regard 
it as a channel of communication between the interior ef the earth 
and its surface. Or, if we compare the earth to a mighty and in- 
tensely heated steam - boiler, then the volcano is the safety-valve 
which keeps the boiler from exploding, — only that besides steam the 
volcano ejects red-hot melted stones, or other mineral matter known 
as lava. 

Shape of Voloanoes. — A volcano is usually a truncated cone, but 
instead of being flat atop, it presents a basin-shaped depression, 
known as the crcUer, at the bottom of which is the mouth of the 
shaft communicating with the interior. The conical form of vol- 
canoes is due to the constant or periodic accumulation of ejected 
materials from the summit,t which roll down the sides of the moun- 
tain at different degrees of slope, the angle of slope being in every 
case dependent on the nature of the descending materials, and 
on their state, whether solid, viscous, or fluid. The more solid the 
material ejected, the more steep and pointed the form, as in Cotopaxi 
and Arequipa in South America ; again, when the lava is viscous 
or semi-fluid, and alternates with ashes, the mountain is dome- 
shaped, as in Hecla ; while, when the matter is in a highly fluid 

* The " Beehive" ejects a column of water 200 feet high, and plays about once 
a-day ; while *• Old Faithful" throws up its jet 130 feet» and plays once every 66 
minutes. 

t Sometimes the eruptions, instead of proceeding from the summit of the cone, 
as in the Andean volcanoes, are mainly m)m the sides, as in the case of Mount 
Etna, which has two hundred lateral apertorea from which the lava issueS) 
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state, the sides of the volcano present very gentle slopes, as in 
Mauna Loa in the Sandwich Islands, the highest known. 

Number of YolcanoeB. — The number of volcanoes has been vari- 
ously estimated. According to Humboldt there are 407, of which 
225 have been active within the last 160 yeai-a. Dr Fuchs enume- 
rates 672, of which 270 are active, while some maintain that there 
are 900 in the Eastern Archipelago alone. 

Dlstrilmtlon of Yoloanoes.— 1. They occur either active, inter- 
mittent, or extinct, in each of the seven continents — even in Antarc- 
tica, the least known of them. To this rule Australia is no excep- 
tion, as the whole extent of its eastern coast is marked by indications 
of former volcanic agency. 2. They are invariably found in islands, 
or in near proximity to the oceans and inland seas, while the in- 
terior of the continents is destitute of them. Pe-chan and Ho-chan, 
in the Thian Shan Mountains, and Mount Demavend in the Paro- 
paniisan range, the most striking exceptions to this rule, are only 
apparent, inasmuch as thev all stand on the southern border of the 
great basin of Continental streams, which formed at one time, no 
doubt, a continuation of the Mediterranean, Black Sea, and Caspian. 
8. Fully two-thiixls of those presently active form a gigantic ling of 
^and natural lighthouses, encircling the Padflc Ocean, wliich, as 
if on account of its vastness, is further lishted up, in the centre, by 
some of the most remarkable volcanoes in existence (viz., those of 
the Sandwich Islands). Beginning at Patagonia, volcanoes occur in 
the entire line of the Andes and Rocky Mountains, and are thence 
prolonged through the Aleutian and Kuiile Islands to Japan, the 
Philippines, New Guinea, New Hebrides, and New Zealand, down to 
the gigantic summits which guard the ice-bound shores of Antarctica. 
The distribution of volcanoes in the Atlantic area is somewhat 
similar, only that its principal beacon-lights (for the most part now 
extinct) are arranged in a huge curve, proceeding north and south 
through the centre, as in Jan Meyen, Iceland, Azores, Ascension, 
and St Hdena; while it is only partially lit up laterally by the 
Madeira, Canary, and Cape de Yerd groups, together with Albert vol- 
cano, in the Camaroon Alountains, on the one side, and by the West 
India Islands on the other. The Indian Ocean, of smaller dimen- 
sions, is lit up only on the western and eastern sides. In the for- 
mer we need only notice Jebel Teah in Abyssinia, Kenia and Kili- 
mandjaro in E. Africa, the Comoro Isles, Northern Madagascar, and, 
the isles of Bourbon and Mauritius ; while on the eastern side a 
magnificent line of volcanoes extends from the Nicobar Islands 
through Sumatra to Java, which last presents a greater number of 
burning mountains than any other country of equal extent in the 
world, and volcanic phenomena are often displayed on the grandest 
and most terrific scale. 

Periodicity of Empttons. — ^The eruptions of some volcanoes are 
continuous, suchasHecla and Stromboh; while others, as Vesuvius,* 
occur at irregular and sometimes prolonged intervals. 

* This celebrated volcano had been in a state of activity prior to the ooni- 
mencement of oar era, but so long before that all record of ita volcanic character 
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Solfataraa, ftc. — EiDdred phenomena to volcanoes are the sol/a' 
tarcLS, or areas where sulphurous vapours escape, and where incrusta- 
tions are formed of sulphur, gypsum, and alum, as in many ^rts of 
Sicily and Italy (which supply nearly all the sulphur used in Europe 
for the manufacture of gunpowder) ; mud volcanoes, or 8alses, which 
eject hot mud, and sometimes inflammable cases, as in Java and 
Tiinidad; and furriaroles, or " smoke- vents," from which gaseous 
fumes are emitted. 

Kindred Igneous Fbenomena. — Besides the foregoing, there are 
in various parts of all the continents, especially along their moun- 
tainous border-regions, true igneous eruptions, though they cannot 
be regarded as strictly volcanic, as they occur in localities remote 
from volcanoes. Basaltic rocks and trap-dykes are very numerous 
on the western side of Qreat Britain, especially in Cornwall, Wales, 
Scotland, and Ii*eland. The fissures for their ejection were formed 
by a fracturing of the earth's crust, down to a region of liquid rock, 
which sprang up through the fracture, and on cooling assumed the 
peculiar columnar, hexagonal appearance known to every one who 
nas seen Fingal's Cave and the Giant's Causeway. 

Barthquakes. — Closely connected with the internal heat of the 
earth are the phenomena of earthquakes. If we are to regard the 
earth as a globe of molten material, which in the course of ages has 
become surrounded by a solid crust or envelope, it is clear that, as 
time advances, the crust must thicken, and the interior ocean con- 
tract in dimensions. The outer crust, which was supported by the 
liquid sphere, must consequently in many places fall in, while in 
other places there will be enormous lateral pressure, resulting in 
flexure, or even fracture, of the strata, and in the production of 
mountain - chains in the line of fracture. Earthquakes are vibra- 
tions of the earth's crust, produced by a sudden movement or fracture 
of some of its parts. A simple example will show the true nature of 
an earth(]^uake. A log of wood, smartly struck at one end with a 
mallet, will produce a vibratory motion along its entire mass. In 
the same way, an abrupt fracture of any part of the crust, along a 
line where the force from lateral pressure nas long been increasing, 
may send a vibration through an entire continent or even hemi- 
sphere ; and this vibration may move forward without check from the 
mountain-chains on the surface. Like volcanoes, they are most 
violent in their action along the great fractures of the earth's crust, 
as, for example, around the basin of the Pacific. Yet the area of 

had been lost. Dense forests covered its crater, and cities and villafles adorned its 
slopes. In A. B. 63, however, several shocks of earthquake startled the inhabitants, 
and suddenly, in a.d. 79, a violent eruption occurred which buried in scorise and 
tufa the populous and wealthy cities of Pompeii and fiercnlaneum. So com- 

f>lete was the ruin that the very sites of these cities had become unknown, until, 
n 1720, they were accidentally discovered ; and trom subsequent excavations 
carried on in them, more knowledge of Roman antiquities has been obtained 
than from all other sources put together. Prom 1188 to 1681, or a period of nearly 
500 years, there were only two slight eruptions ; but in thb latter year another 
tremendous explosion occurred, which lasted for three months, and destroyed 
many cities and villages. During the hist two centuries eruptions have oc- 
curred at intervals not exceeding 10 years. 



THE EARTH VIEWED INDIVIDUALLY. 25 

their distribution is much more extensive than that of rolcanoes, 
thefe being no large region of the globe absolutely free from them. 
Fractures of the ground, sometimes of great extent, result from them, 
as also the subsidence or elevation of extensive areas of the surface, 
the draining of lakes, the rocking of mountains on their bases, the 
undulation of the ground like the waves of the sea, the overthrow 
of great cities, the destruction of marine life (on the same principle 
that a blow on the ice of a pond is often fouud to stun or kill the 
fish beneath), and finally, the generating of mighty ocean waves that 
extend from the shores of one continent to another, as in the case of 
the great earthquake of Lisbon, in 1755, when, in eight minutes, 
60, 000 persons were engulfed. The area of disturbance was calculated 
to have embraced a space four times the size of Europe, the earth- 
quake-wave having travelled at the rate of twenty n)iles per minute, 
while at New York and the West Indies the sea rose 20 feet. 

Ck>ral-Beefli. — ^The cooling and contraction of the earth's crust, 
together with the subsidence of the sea-bottom, is demonstrated by 
the existence of the innumerable coral-reefs in the Pacific and Indian 
Oceans. From calculations made by various geologists, it appears 
that the rate of increase of a coral-reef does not probablv exceed 
^ of an inch per ^ear. Now some reefs are at least 2000 ft. thick, 
and as tiie reef-building poljrpi cannot exist below thirty fathoms, 
it is concluded that the base of the reef must have slowly subsided, 
the insects keeping pace with the movement by continually building 
upwards. With a very few exceptions, all pelagic islands in the 
Pacific and Indian Oceans are either of volcanic or coralline forma- 
tion, or have been produced by the joint action of both. A coral 
island, or atoll, is a narrow rim of reef surrounding a shallow lagoon, 
with an aperture, generally on the leeward side. These reefs, though 
often of great deptn, are never raised more than 10 or 12 ft above 
the surface of the ocean. (For their soil and vegetation see below.) 
Coral-reefs around volcanic lands or islands are either fringing or 
terrier, according to their distance from the shore. The latter 
are often of great extent and very wide, as in the case of the Aus- 
tralian barrier-reef, which stretches like a broad wall along the 
north-eastern coast of the continent for 1200 miles, at a distance of 
from 20 to 60 miles from the shore, and having a depth of from 50 
to 60 fathoms. Between it and the coast, ships can safely navigate, 
while the waves of the Pacific break against the outer edge in Jong 
lines of white foam. Each cUoU is believed to have been at one time 
a fringing reef round an ordinary island which has slowly subsided, 
while the reef as slowly has increased upward, the channel between 
them gradually widening, until at length the island has disappeared, 
leaving only the circular ring of coral around a lagoon. 
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Gravitation, Cohesion, Chemical Affinity ; Molecules, 
Atoms ; the Three Conditions of Matter. 

Oraiitatlon. — Of all the mighty forces in nature, this is the 
grandest and the most mysterious. Its effect is to bring together 
bodies of matter situated far apart. Were there nothing in existence 
except two particles of matter, placed at rest, and millions of miles 
apart, this inscrutable force would instantly cause them to move 
towards each other in a straight line, with a velocity at first wholly 
imperceptible, but continually accelerating the nearer they approach 
eacn other, till at last it succeeds in bringing them into close jux- 
taposition. The operation of the force does not, however, then ter- 
mmate ; it continues to act in keeping the particles together, and in 
imparting weight to each of them. It is this force Qiat keeps the 
numerous bodies of the solar system from wandering away into space, 
that causes them to revolve around the sun in uieir grand orbits, 
and that doubtless connects into one harmonious whole all the count- 
less suns and systems which people universal space. It was Newt-on 
that first gave clear expression to the law of gravitation in these 
words : "Every particle of matter in the universe attracts every other 
particle with a force directly proportional to the mass of the attract- 
ing particle, and inversely as the square of the distance between 
them." 

The Attractive Energy wliich the Earth exercises on all material 
substances near its surface is such that, when freely suspended, they 

are drawn towards it with a velocity of 16 feet 
in the first second of time ; three times 16 
feet the next second ; Jive times 16 feet the 
third second, and so on, following the order 
of the odd numbers of the scale; while the 
entire descent in two seconds will be 16 feet 
multiplied by the square of 2 ; in three seconds, 
16 into the square of 3, &c Comparing the 
Earth, in this particular, with the other planets^ 
we find that bodies falling towards the surface 
of Mars descend with only a fourth of this 
velocity ; while in Jupiter the velocity is two 
and a half times greater. At great elevations 
above the surface the intensity of the force of 
gravitation decreases in the inverse ratio of the 
square of the distance. Thus, a body which (in 
a spring balance) weighs 16 ounces at the sur- 
face, will weigh only 4 ounces at the distance 
of two semi-diameters from the centre, or one 
semi-diameter above the surface ; at the distance 
of four semi-diameters it will weigh only 1 
ounce, while at the distance of sixty semi-diameters (which is the 
Moon's distance from the Earth), it will only weigh |f\ x ^ = swiyth 
part of its weight at the surface of the Earth. Under the surface the 
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law of decrease is very diflferent, it being there directly as the distance 
from the centre.* Thiis, at one thousand miles below the surface the 
body will weigh 12 ounces ; half-way towards the centre, 8 ounces ; 
at the distance of a thousand miles from the centre, 4 ounces ; while 
at the centre the pressure on the balance will be nothing. The 
accompanying diagram will render these observations more intelli- 
gible to the pupil. 

Cohesion is another of the great forces of nature. It is that force 
which binds firmly together the different particles or molecules of a 
body. Gravitation brought them near each other, but then left them 
loose and disconnected, as grains in a heap of sand. Cohesion begins 
where gravitation terminates. It fiiinly unites and binds together 
the loose particles of the sand, and forms them into a compact mass 
of sandstone, the parts of which cannot be separated except by the 
blow of a hammer. In the case of the metals the particles are still 
more firmly united. A bar of iron cannot be bent, or broken, or 
twisted, and far less crushed or pulled asunder, without the applica* 
tion of prodigious force. Some powerful energy is thus holding all 
the particles together ; but they have not been brought into absolute 
eantact, for by cooling the bar it is found to contract both in length 
and thickness. But if you once succeed in breaking or crushing the 
bar, you will not be able to reunite the parts, i,e., to re-establish the 
cohesion, without bringing it to a white heat, and then welding the 
parts together with the hammer. Cohesion is strongest in the case 
of solids, is very feeble between the particles of liquids, as it leaves 
them free to move in all directions, while in gases it is wholly absent, 
being replaced, indeed, by a repelling force. 

Molecules and Atoms. — Cohesion is, as we have said, the force which 
binds together the molecules of bodies— a molecule beinff the smallest 
mass of any substance (whether simple or compound) that can exist 
by itself and without decomposition, or the smallest that can be reached 
by purely mechanical methods. It wholly differs in meaning from 
the term aiomf which is a purely chemical teim. An atom is the 
minutest quantity of matter which the chemist can produce, when, 
by his peculiar processes, he operates on molecules. The molecule is 
an aggregate ofcUomSf just as a body is an aggregate of molecules. 
The molecule has precisely the same nature as the substance of which 
it is a part, but the atom has not necessarily the same nature as the 
molecule of which it forms a constituent. Molecules may have 
their individuality destroyed by chemical means, but atoms are re- 
garded as indestructible. It is now believed that an atom cannot 
exist in its separate or isolated state, but must either be linked with 
another atom of the same kind, or united with an atom of a different 
kind of matter : such dual atom is named a molecule. Just as our 
planet is the unit with which the astronomer has to deal, so the 
molecule is to the physicist, and the atom to the chemist. 

Tlie tliree conditions of Matter. — Every substance in nature is 
found in either the solid, liquid, or gaseous state, the particular state 
depending on its temperature. Some substances, such as charcoal, 
are as yet known only in the solid condition ; others, as alcohol, in 

* That is, supposing the eartli to be of uniToriu density. 
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the liquid and gaseous ; while by far the greater number can be made 
to assume any of the three states at pleasure. Of the last-named 
class, water fonns a familiar example, as we see it daily in the solid 
state, as ice ; the liquid, as water ; and the gaseous, as vapour and 
steam. Under each of these forms the nature of its substance is not 
affected in the least degree, the molecules in each remaining essentially 
the same. The application of heat changes or wholly removes the 
cohesive force, and also increases the volume occupied by the water, 
but there is no other change. If we take a cubic inch of water, at 
the ordinary barometric pressure, and raise it to the boiling-point, it 
becomes steam, the volume of which, if received in a vessel, is 1800 
cubic inches, or a little more than a cuMc foot. The cubic inch of 
water contained a certain number of molecules, and the cubic foot of 
steam contains precisely the same number. From this it follows 
that the distance separating the molecules of the water has been in- 
creased by the heat ttodve times in every direction. Attempts have 
been made by chemists to estimate the size of molecules by experi- 
menting on soap-bubbles, and the result is, that in the case of water, 
500 millions of them placed side by side will occupy only one lineal 
inch ; while the number contained in a solid inch is, oi course, the 
cube of that number ! 

Chemical Affinity. — Chemical affinity is that power by which 
bodies combine and form compounds, possessing properties wholly 
different from those of their constituents, such compounds being 
formed by the close approximation of unlike aioms. Thus, if a 
particle of sulphur be brought into contact with a particle of copper, 
the two, being different in nature, and possessing a strong attraction 
for each other, will unite and form sulphuret of copper, a body of 
wholly different properties from either of its constituents. For in- 
stance, sulphur IS yellow and copper red, but the resulting com- 
pound is black. " This is an example of what is termed Binary 
CompoandB, in which two elementary substances unite and form a 
body of totally different qualities. A more familiar case is water, 
which is produced by the chemical union of two gases— oxygen and 
hydfogen (see under Waier), Chemical eombinalum takes pUice most 
readily hettoeen those bodies which lecB^ resemble one another, 

ThB Chemical Elements. — The nimiber of simple or elementary 
substances out of which the earth has been built up is 65, the metals 
gallium and lavoesium being the last discovered. These are divided 
into two primary groups — metallic and non-metallic — the former 
containing 50 members and the latter 15, three of which, however 
(arsenic, selenium, and tellurium), occupy an intermediate position 
between the two groups. On each of these the Creator has stamped 
a particular and invariable number, which forms, as it were, the law 
of its being, and determines in what proportion it will unite with 
any other substance, whether simple or compound. The following 
table gives a complete list of the elementary bodies, together with 
the combining power or atomic weight of each. Those in capitals 
are the 15 non-metallic substances, while those in italics are the 
rarer metals : — 
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Name. 



Atomic 
weight. 



Alnmininm 27.4 

Antimony 122 

Arsenic 75 

Barivm 137 

Beryllium or ) go 

Olxtcinum ) , 

BismtUh 210 

Boron 11 

Bromine 80 

Cadmium 112 

Caesium 133 

Calcium 40 

Carbon 12 

Cerium 92 

Chlobink 35.5 

Chromium 52.2 

Cobalt 58.7 

Copper 63.5 

Dtaymium 95 

Erbium 112.6 

Fluorine 19 

Gallium 

Gold 197 

Hydrogen 1 

Indium 113 

Iodine 127 

Iridium 198 

Iron 56 

LaiUhanum 92 

LaweHum 

Lead 207 

Lithium 7 

Magnesium 24 



Name. 



A Urniie 
toeight 



Manganese 55 

Mercury 200 

Molybdenum 96 

Nickel 58.7 

Niobium 94 

Nitrogen 14 

Osmium 199.2 

Oxygen 16 

Palladium 106.6 

Phosphorus 81 

Platinum 197.5 

Potassium 89.1 

Rhodium 104.4 

RiMdium 85.4 

Ruthenium 104.4 

Selenium 79.6 

Silicon 28 

Silver 108 

Sodium 23 

Strontium 87.5 

Sulphur 32 

Tantalum 182 

Tellurium 129 

Thallium 204 

Thorium 231.5 

Tin :...118 

Titanium 50 

Tungsten 184 

Cranium 240 

Vanadium 51.3 

yttrium 61.6 

Zinc 65.2 

Zirconium 89.6 



As an illustration of the foregoing table, let us suppose we wish to 
unite iron and oxygen gas, so as to form oxide of iron. We must 
take 56 grs. of iron and 16 gis. of oxygen, as the two substances will 
refuse to combine in any other proportion. Many substances are 
indeed capable of uniting with others in several proportions, but 
when this is the case it is invariably found that these proportions 
bear a very simple ratio to each other. Further, if a body A unites 
with several others, B, C, D, then the quantities of B, C, D, which 
respectively unite with A, represent also the proportion in which 
they will unite one with another ; hence it follows that the combining 
quantity of a compound is the sum of the combining quantities of its 
components. 

Motions of the Earth. — Besides accompanying the sun 
and planets in their mighty journey through space (p. 16), the 
earth has three distinct motions, each of which produces import- 
ant natural phenomena. 
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1. The Dlnnial Motion, or that around its own axis or polar 
diameter, which it performs in one solar day of 24 hours* dura- 
tion ; or, to speak more accurately, in one sidereal day of 23h. 
56m. 4s. The circumference of the earth being nearly 25,000 
miles, a man standing at any place on the equator is carried forward 
by this motion at the rate of wellnigh 1000 m. per hour. The 
sidereal day is the true time of one complete rotation of the earth on 
its axis, as it consists of the exact interval between two successive 
arrivals of the same star at the meridian ; while the solar day is the 
interval between two successive arrivals of the sun on the meridian, 
and is slightly longer than the sidereal. 

The best illustration of this difference is that afforded by the 
hands of a clock or watch. If both hands be at twelve o'clock, and 
then set out together from that point, the long or minute hand has 
made a complete revolution when it returns to 12 o'clock; but 
meanwhile the hour-hand has made some progress, and' before it is 
overtaken by the long one. several minutes more will elapse. One 
complete revolution from 12 to 12 represents the sidereal day, while 
the solar day is represented by the interval between the time when 
the two hands were together till they occupy a similar position 
again. The solar day consists of two well-marked divisions, known 
as day and night, one half of the earth's surface being illuminated 
by the sun, and the other half being in darkness. Owing to the 
inclination of the earth's axis, the duration of sunlight at any place 
varies with the latitude and season of the year, being always equal to 
the night at the equator only. In high latitudes, day and nignt are 
equal only at the vernal and autumnal equinoxes, the day being longer 
than the night in summer, and shorter in winter. This difference 
increases with the latitude, till at the pole the sun never sets in 
summer. Place the school globe on the table, with its axis pointing 
to the pole-star. At the same level and at some distance set down 
a lighted candle. If you now turn round the globe with your finger, 
you will have an exact representation of the earth turning round 
on its axis, and exposing one-half its surfak:e to the sun s rays, 
while the other half is in darkness. In a word, the seasons, at any 
given locality, depend on the varying length of the day, and this, 
again, depends on the inclination of the earth's axis. Were the 
axis perpendicular to the plane of the ecliptic, the length of the 
day would be always and everywhere the same, the alternation of 
the seaAons wholly unknown, and the polar regions would not be 
covered, as they are now, with an everlasting coating of ice. Theo- 
retically, it is possible that the inclination of the axis may have 
changed in the course of ages, and one of the latest and most bril- 
liant results of modem science is that, as a matter of fact, it has 
greatly and suddenly changed. Captain H. W, Fielden, the natur- 
alist of the late Arctic Expedition, reports : — 

" Miocene beds, including a thick seam of coal, were found to exist as 
far north as lat. 81° 44', and the shales and limestones of this forma- 
tion yielded abundant examples of the j^ora of that epoch ; thus proving 
the existence, at a comparatively recent geological period, of a temperate 
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climate within 500 miles of the pole, Carboniferons limestone beds fonn 
the promontory of Joseph Henry. Post-pliocene beds of great thickness 
were found, some at a height of 1000 ft. above the Rea-level, showing 
that a great and rapid change in the elevation of the land must havo 
occurred." 

Another officer of tbe expedition, Mr Clements Markham, corro« 
borates this : — 

" It has long been known that at Disco, 10^ further south, there had 
been, in a comparatively recent geological period^ forests growing with 
60 or 60 different species of arborescent treeSf some ever^een, though mostly 
decidiunis. The Expedition discovered excellent tertiary coal in 82° N., 
and brought back impressions of leaves, showing that luxuriant forests 
had once grown so near the pole as that. The wonder did not stop there ; 
for unless there had been such a change in the axis of the earth <u astro- 
nomers declare to he impossible, those forests must have been exposed to a 
darkness extending to i^(i days out of the year. . . . Other explorers 
had discovered wood in the now frozen regions of Banks Land and Prince 
Patrick's Island, 'toith the hark on, and which evidently had groinn 
where it toas found, showing how extremely rapid must have been the 
changes of climate which had taken place over the polar area." 

The sacred volume declares that in the days of Noah the whole 
world was inundated by a flood, which covered the highest moun- 
tains, and that, with the exception of one family, the entire human 
race was destroyed. A change in the Inclination of the earth's axis 
would certainly produce such a catastrophe — a catastrophe which 
was accompanied with direful results to all future generations : the 
alternations of heat and cold became so rapid as to affect the longevity 
of man, which has from that date gradually shortened from nearly 
a thousand years to threescore years and ten. 

3. The Annual or Orbltual Motion, caused by the revolution of 
the earth round the sun. — As the earth rotates on its axis about 
865^ times during one revolution round the sun, such is the number 
of days in the year. The common or calendar year, for conveni- 
ence' sake, is made to consist of only 865 days, but the tropical or 
equinoctial year, which consists of the interval between two returns 
of the sun to the equinox of any given place, contains 866 days, 
6 hours, 48 minutes, 60 seconds. The odd hours would soon accumu- 
late to a serious extent, and gradually push the seasons forward, 
until, at length, they would no longer correspond with the changes 
of annual temperature. To prevent this inconvenience, the odd 
hours, which amount nearly to the quarter of a day, are allowed to 
accumulate till they amount to 24, and are then got rid of by adding 
a day to February, the shortest month, thus making every fourth 
year a leap year — i.e,, to consist of 866 days. The excess of the 
tropical year, however, over the calendar, comes short of six hours 
by 11 minutes, 10 seconds. This difference, again, would in the 
course of ages become serious, as it amounts to a day in 136 years. 
To remedy this, every hundredth year is regarded as a common year, 
except the fourth hundred, which is counted a leap year. 

Tho axis of tlie earth, it must be remembered, is not at right 



32 



PHTSIOQBAPUT AND PHYSICAL GEOGRAPHT. 



anfflei to the plane of the orbit, bat makes an angle of 28 28' with 
the perpendicidar. The axie, moreover, remains parallel to itself 
daring the entire revolution, its extremities or poles ever pointing to 
the same fixed stars. It is in virtue of this arrangement, as simple 
as it is beautiful, that the altoznatloiui of tbA aeaaonB are produced, 
together with the ever-varying length of the day and night. 




The Four Seasons. 

In the annexed diappram S represents the sun in one of the foci of the 
earth's elliptical orbit ; A B D the position of the earth in spring, 
summer, autumn, and winter ; N S the polar axis of the earth, con- 
stantly pointing northward ; the arrow, the direction of the earth's 
motion ; while the shaded portion indicates the purt that is not illumi- 
nated by the sun. Thus, at the vernal equinox. A, the sun's rays, owing 
to the earth's rotation on her axis, fall daily on every part of the earth's 
surface, from pole to pole, the day being everywhere 12 hours long and 
equal to the night. As the earth advances from A to B, the sun con- 
stantlv shines on the entire space enclosed by the Arctic circle, where, 
acoorainffly, there is no night at midsummer, while the Antarctic circle 
is in darkness for an equal time. During the progress of the earth from 
A to B, the days have been increasing in length in the northern hemi- 
sphere, and decreasing in the southern. But the longer the day the 
sreater is the amount of heat derived firom the sun. His rays, moreover, 
rail more vertically on the northern hemisphere at this season than in 
winter, and these two causes more than compensate for the sun's 
greater distance f^om the earth in summer than in winter. Without 
continuing this description further, we need only observe that the 
earth Is at A on March 21 (the vernal equinox) ; at B on June 21 (the 
summer solstice) ; at on September 21 (the autumnal equinox) ; and 
at D on December 21 (the wmter solstice). 

8. The Beonlar or Freoeesioiial Motion. — ^Notwithstanding what 
has been stated above, the earth's axis does not remain ahaolutely 
parallel to itself, nor point precisely to the same star. In reality, it 
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oscillates slowly on its own centre, its extremities forming two small 
circles in the heavens. This movement, called the Precession of the 
£quinoxes, is caused by the attraction of the sun and moon on the 
equatorial regions, or bulging poHion of the earth : and the effect of 
it is that the equinoctial points, or the ])oint8 where the ecliptic 
crosses the equator, move westward about 50" every year, and there- 
fore, in the courae of ages, winter will be where summer is now. At 
present the axis points almost exactly to the bright star Polaris in 
Ursa Minor, but in B.C. 2170 (or 4046 years b^o) Alpha Braconis 
was the pole star, being then situated on the meridian, and 8** 42' 
beneath the pole ; while Alcyone^ the brightest star in the Pleiades, 
was crossing the meridian above the pole, at a point high up in the 
sky, near the celestial equator. This combination cannot recur for 
25,868 years. Such is the period of the PrecesBlon of the Eqiil- 
noxei — a period in which the earth's polar axis effects one complete 
gyration, and is the grandest cycle of time known to man. 

Revolution of the ApBides. — But the mighty precessional cycle 
above described is shortened by being combined witn another motion, 
caused by the attraction of the planets, and called the Revolvium of 
the Apsides (from apsis^ a curve). The Apsides are the points in 
the earth's orbit at which she is nearest to and furthest from the 
sun, the former being called her perihelion^ and the latter her 
aphelion. The line connecting these points, which corresponds with 
the major axis of the earth's orbit, is called the line qf the Apsides, 
From the cause above assigned, this line is not continually directed 
towards the same points in the heavens, but slowly revolves, and the 
result of the combination of this revolution with the precession of 
the equinoxes ciiuses the cycle of the seasons to be performed in 
about 21,000 years, instead of 25,868 years. 

Mathematical Divisions op the Earth. — In order to 
describe with precision the position of places on the earth's 
surface, and the effects that result from its orbitual and diurnal 
motions, certain imaginary lines are drawn round it, which are 
called great circles when they divide it into two emial hemi- 
spheres, and small circles when they divide it unequally. 

The Oreat Circles are the Equator, Ecliptic, the two Colures, 
Meridians, and Horizon. 

The Equator, a large circle, equidistant from the poles, divides 
the earth into a Northern and a Southern Hemisphere. The latitude 
of places is measured from it, north and south ; and their longitude 
071 it, east and west. 

The Edlptlc is a great circle, which represents the sun's apparent 
annual track among the fixed stars, or it is the path through the 
heavens which the earth would appear to describe if seen from the 
sun. It derives its name from being the circle on or near which the 
moon must be in the case of an eclipse. Its plane makes an ansle 
of 23J* with the plane of the equator. The sun is in the nortn, 
or highest point of the Ecliptic, on 21st June; and he is then 
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vertical at the tropic of Cancer ; he ia in the Bonth, or loweat poiot, 
on 21st December, ami ia then vertical at the tropic of Capricorn. 
The Ecliptic ia divided into twelve equal parts, called •tgiu, of 30' 
each, named from the constellations or groups of stars through which 
. appears Buccessively to pass. These, with the days on which 



the SI 



■a them, are us follona ;- 



Arits, Hwth 11, ) 
Taunu, April IP. >f^ifl 
OemJnl, Mar 21. } 

Cancar, Jiue !1. ) 



Ltbn, aep. !S. ) 

Scurpio. Oct. 13. yAulxmn, 
Buglttarius. Nuv. JO ) 
Capricarniu, Dec !9. ) 
Arimrlus, Jan. Sit. }■ WiKIrr, 
Virso. Ang. S». I Rbcm, Feb. IB. j 

The NodM <noiui,aknot) are the two points where a planet's orbit 
eats the plane of the Ecliptic. The lijie of tht nodea is that which 
joins the two nodes. The Ascending Node is the point at which % 
pianet crosses to the north of the plane of the Ecliptic, while the De- 
scending Node is that in which the planet crosses to the south of that 

The Cnlimi are two meridians which divide the Ecliptic into foiir 
equal parts, making the four Seasons of the vear. One of them in- 
tnaecU the equinoctial points, Aries and Libra, and ia thence calleil 
the Sqainoctial Colurs ; the other intersects the solstitial points 
Cancer and Capricorn, and is called the Solstitial Colure. 

The IleildlfUli, or lines of longitude, are great circles passing 
through the poles, and cutting the equator at right angles. Each of 
them divides the earth into two liemiapherea, which, in respect to 
each other, may be termed east and west. There are 12 meridians 
commonly dnwn on globes, each 16° apart, equal to a difference in 
lehour; and 18 meridians on maps of the world, each lO" 
apart, corresponding to a dif- 
ference in time of 10 minntes. 
But every place is supposed to 
have a meridian passing through 
it ; and when the sun ciraies 
to that meridian, it is noon 
or mid-day at that place. The 
lonxltiid* of a place is its dis- 
tance east or west from the 
prime meildlaii, or that one 
from which we agree to count. 
This has varied with different 
nations : thus the French reckon 
from Paris ; the Germans fh>ni 
Ferro, one of the Cana^ Islands ; 
the Americans from Washington 
(thongh at eea, as a matter of 
convenience, they count Irom 
Gr«enwich, which is 77* east of Washiiuton) ; and the Bnglisli 
from Greenwich. But there is one meridian which has a clum 
above all others to be regarded as the first — viz. , that passing 
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throiigli the Great Pyramid of Jeezeh, latitude 80** north, and longi* 
tude 81* 9' east. Every meridian divides the globe into two ec|nal 
hemispheres ; but this meridian, contrary to all others, divides 
equally aU the land surface, and traverses a greater extent of land 
than any other. When the latitude and longitude of a place are 
known, its exact position on the globe may at once be pointed out 
Thus, if I read in the newspapers that a slup in which I am inter- 
ested was spoken at seai in latitude 40° north, I could never find out 
the place on a map, as there are thousands of places which have 
that latitude ; but if the information is added that it was in longi- 
tude 27° west, I learn at once that the exact spot was in the Atlantic 
Ocean, and very near the Azores. But how does the captain of the 
vessel know his exact position on the globe when out of sight of land, 
and how does he always know the direction in which he is sail- 
ing ? The first question is easily answered, provided the sky is clear 
and the heavenly bodies visible. He knows that the sun is due south 
at noon, and the seostaTit at once enables him to determine the 
moment when the sun comes to the meridian. If the sun has sunk 
beneath the horizon, the pole star is an equally sure guide for all 
vessels sailing in the northern hemisphere, as it is very nearly due 
north at all hours of the day and nignt. A sight of this star en- 
ables the captain to ascertain his exact latitude. If, for example, 
the star is 50° above the horizon, then the latitude of the ship is also 
50". This beinff determined, he next proceeds to find out his longi' 
tilde. At mid-day he glances at his watch, or at the ship's chrono- 
meter, each of which is carefully set to Greenwich time. Suppose 
his watch, instead of twelve o'clock {which is the real time there) in- 
dicates three o'clock, then, if he is sailing westward, he knows that his 
longitude is 46° west. Thus having determined both his parallel 
and meridian, he knows the ship's true position, for it is at the point 
where these two lines intersect. Should, however, the sky be ob- 
scured with clouds for a considerable length of time, he has to de- 
pend almost exclusively on the information derivable from the log-line 
and the ship's compass. The former shows the speed of the ship since 
the last astronomical observation was taken, and the latter the direc- 
tion in which she has been sailing (see under Mariner*8 Compass)^ 
The value of a degree of longitude varies according to the latitude, 
and is nowhere equal to a degree of latitude except on the equator. 
At 60° N. or S. a degree of longitude is equal to 30 geographical 
miles, or half its length on the equator ; while at the poles it vanishes 
to nothing. 

The Horlxon separates the visible half of the .celestial concave 
from the half that is invisible, and is either rational or sensible. 
The rational, or true horizon, b^ which, the rising and setting of all 
the heavenly bodies are determined, is an imaginary plane passing 
through the centre of the earth, and prolonged in imagination till 
it attains the region of the stars. Parallel to it, and coextensive 
with it, is the sensible horizon, whose plane is a tangent to the surr 
face at the point on which the spectator is placed. These two planes, 
although separated throughout tneir whole extent by a semi-diameter 
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of the eartli, will yet, on account of the yast distance at which that 
interval is seen, he confoanded together, and appear as one line in 
the heavens. As applied to the earth, however, the sensible or 
apparent horizon is the small circle which terminates our view of 
the surface, where earth and sky appear to meet. It enlarges or 
contracts, according as the spectator's eye is elevated or depressed : 
thus, if the eye be elevated 6 feet above the sea, the circular 
expanse of water visible to it will be 3 miles in diameter. The 
Cardinal Points of the horizon are north, south, east, and west ; the 
Zenith is the upper pole of our horizon, and the Nadir the lower 
pole. 

The Small Circles are the Tropics, the Parallels of Lati- 
tude, and the Polar Circles. 

The Tropics are two small circles parallel to the equator, and at 
the distance of 23 4% north and south. They are so named because 
the sun, aijive^ at them in his apparent annual course, seems to 
turn aivay, either northward or southward, as the case may be. The 
northern is called the Tropic of Cancer, and the southern the Tropic 
of Capricorn, because they touch the ecliptic in the beginning of 
those signs. 

The Parana of Latitude are small circles parallel to the equatot^ 
the object of which is to indicate the latitude of places, and to con- 
nect together all places on the globe having the same latitude. 
Though on globes and maps of the world they are usually drawn at 
intervals of 10**, every place is supposed to have a parallel of latitude 
passing through it (see under Meridians), 

The Polar Cirdes are two small circles, drawn around the North 
and South Poles respectively — the former being called the Arctic, 
and the latter the Antarctic Circle. Their distance from the Poles 
is 23^% that being the angle formed by the earth's axis and a line 
drawn perpendicular to the earth's orbit. When the sun is vertical 
to places situated on the Tropic of Cancer, his rays extend beyond 
the Pole to the Arctic Circle, and all countries within the Antarctic 
Circle are then in darkness. 

Zones. — The Tropics and Polar Circles divide the surface 
of the earth into five great Climatal Zones or Belts — viz. : 

1. The Torrid Zone, iV in breadth, or 284** on either side of the 
equator, and bounded by the Tropics of Cancer and Capricorn. 
Every place in this wide region has the sun vertical to it twice 
a-year ; and as the sun's rays never fall very obliquely on any part 
of it, the temperature at the surface of the earth is nere always very 
high. 

2. Two Temperate Zones, one northern and the other southern, 
each 43* in breadth, Ijring between the Tropics and the Polar 
Circles. Never having the sun vertical, they are characterised by 
a lower temperature than tropical regions ; the fruits of the earth are 
less luxuriant and spontaneous ; and man, compelled to exercise his cor< 
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poreal and thinking powers, attains to a higher degree of intelligence 
and civilisation than in those ^ 

regions where his wants are '^^^ 

supplied without any exer- 
tion on his part. 

3. The Two Frigid Zones, 
each 23^*" in radius, are inclu- 
ded within the Polar Circles. 
They are deprived of the 
influence of the sun for long 
intervals in winter, and have 
a correspondingly greater 
length of day m summer, 
when his rays fall very ob- 
liquely on the surface. These 
conditions, coupled with the 
extreme cold of the long 
winters, are so unfavourable 
to human culture and human 
happiness, that the tribes 
who inhabit the frigid zone 
have not been able to attain to any considerable degree of civilisatiou 
(see p. 30). 




IV.—CONFIGURATION OF THE SURFACE. 

The terraqueous globe must be supposed to have assumed its 
present spheroidal form when rotating in its primitive incandes- 
cent state. This form the vast collection of waters now on its 
surface powerfully tends to perpetuate — first, by their capacitv 
of yieldmg to the centrifugal force arising from the planets 
rotatory motion ; and, secondly, by their filling up innumerable 
depressions in its crust — depressions which, it is now ascertained, 
nearly equal in depth the highest elevations of the land. These 
elevations nowhere amount to more than j^^ part of the radius, 
and therefore scarcely interfere with the regular form of the 
planet. In fact, the mountain-chains on the globe produce no 
greater deviation from its spheroidal shape than the small pro- 
tuberances on the rind of an orange do on its general form. 

DlylBlon Into Land and Water. — ^The surface of the earth, which, 
as we have already seen, comprises an area of 197,000,000 square 
miles, is very unequally divided into land and water. The total 
area of the land is estimated at 52,000,000 sq. m., or a little more 
than J of the entire surface; while the waters cover 146,000,000 sq. 
m., or nearly f of the whole (the exact ratio is as 1 : 2.854). The 
land is, moreover, very unequally distributed over the surface : thus, 
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the northern hemisphers contains three times as mtieTi land aa the 
Bouthem; the fastem hemiaphere, or Old World, contains twice as 
much as the western ; and if a great circle be drawn round.tlie globe, 
having London as its centre, it will divide the surface in such a viaj 
«s that nearly all the land will he in one hemisphere— which may 




... e be called the amtinenlai hemisphere while the other or 
that which tins Antipodes Island, near New Zealand, as its centre 
will he nearlv all water and maj therefore he called the oceanic hemi 
sphere — only that it contains Australia and a portion of South 
America. If we regard the earth as divided into zones instead of 
hemispheres, we find that the North Temperate Zone, or that in 
wtuch the continent of Europe is situated, is the one which contains 
the greatest proportion of land. 

OmtlneDtt. — The land surface of the globe is further broken up 
Into huge masses, called continents, which are six in number— vis., 
Enrope, Asia, Africa, North America, South America, and Australia; 
but should tlie land around the South Pole turn out to be a continent, 
the number will he seven. These, however, are not always detached 
from each other, but collected into groups, the members of which ars 
ffenerally united by isthmuses, noperly speaking, there ore only 
three continents — viz., first, the Old "World, containing Europe, 
Asia, and Africa ; aeantd, the New World, erahracii^ North and South 
America; and t}urd, the Australian continent — the only important 
mass of land in the oceanic hemisphere, with the exception of the 
recently-discovered countries within the Antarctic Circle. Of these 
grand continents the eastern or Old World is by far the largest and 
moat important, having an area of 31,810,000 sq. m., a maritime 
coasMine of 88,000 nt, and a pop. of 1,274,000,000. The area of 
the western continent, or New World, is 15,788,000 sq, m., being 
almost exactly } of the former; its pop. 86,000,000, or ^^cf ^^lie Old 
World; while its coaat-Iine is only 3S, 000 m. , or but little more than 
i of the Old World. Australia {with Tasmania) has an area esti- 
mated at 3,000,000 sq. m., bcin;; I of the western continent, and a 
population of 1,000,000, or ^ of America. 
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The Old aad New Worlds compared. — The following are some of 
the comparisons, equally interesting and curious, that have been 
drawn by Carl Ritter ana other geographers between the two great 
continents, in respect to their forms of contour and relief or their 
horizontal and vertical projection : — 

Contour. — 1. The greatest length of the Old World is from east 
to west, while that of the New is from north to south ; in other 
words, the eastern continent has its gi'eatest extension in the direc- 
tion of the pdrallelSf while the western has its greatest extension in 
the direction of the ineridians, 

2. The greatest extension of both continents towards the north and 
south is nearly under the same meridians. Thus, the Cape of Good 
Hope is nearly on the same meridian with Cape Nordkyn in Noi-way ; 
the peninsula of Malacca with Cape Severo in Siberia ; and Cape 
Horn with the north-west angle of Greenland (which, however, is 
now known to be detached from the northern continent). 

3. Both continents attain their greatest extension from west to 
east along the same parallel — viz., that of 50" N. 

4. Botn continents spread out widely towards the north, wliei*e 
they closely approach each other ; both are abniptly tenninated by 
the Arctic Ocean in nearly the same latitude — viz., that of 72** ; 
whereas toward the south they widely diverge, and narrow down to 
single promontories. 

5. In either continent a large poiidon of the area is nearly detached 
from its principal mass ; thus Africa is nearly severed from the one 
continent, and South America from the other. 

6. All the great peninsulas of both continents follow a southerly 
direction ; as the Scandinavian, Spanish, Italian, Hellenic peninsulas, 
Africa, Arabia, Hindustan, Further India, Corea, and Kamtschatka, 
in the one ; and California, South America, Florida, and Nova Scotia, 
in the other. The only important exceptions to this generalisation 
are Jutland in the Old World, Yucatan and Boothia Felix in the 
New, which stretch northward ; with Anatolia in the former, and 
Alaska in the latter, which project towards the west, 

7. The opposite coasts of the two grand continents are strikingly 
conformable to each other, the projections of the one being opposite 
to the indentations of the other, though separated by the breadth of 
the Atlantic : thus Brazil stands opposite to the Gulf of Guinea ; 
Western Africa to the Gulf of Mexico ; and Nova Scotia to the Bay 
of Biscay. 

6. Comparing the two continents in another way, we find that 
Africa witn Madagascar has its counterpart in South America with 
the Falkland Isles ; while Florida and the West Indies have a similar 
correspondence with Malacca and the East Indian Archipelago. 

9. Taking the six separate continents, it is a remarkable fact that, 
with the exception of Africa, they all present to the ocean on their 
northern sides broad flats of low-lying land ; while their southern 
pxtremities are rocky, pointed, and elevated. Again, while Africa, 
South America, and, we may almost add. North America, contract 
toward the south into single promontories, each of the othera sends 
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out three separate projections, which curiously correspond, each to 
each. Thus, the Spanish peninsula resembles Arabia ; Italy with 
Sicily corresponds to India with Ceylon ; and the Hellenic peninsula, 
with its adjacent islands, to Further India with the Malay Archi> 
pelago. 

10. But the most important feature of configuration is that which 
has reference to their comparative lengths of ooaat-line. While the 
three southern continents present to the ocean an almost unbroken 
outline, neither receiving it« waters into their bosoms nor projecting 
into it any important peninsulas, the three northern ones are highly 
indented, though in very different degrees, their masses evincing a 
tendency to break up into members. Thus, Asia and North America 
has each an extensive line of coast, while Europe has wholly surren- 
dered herself to the ocean, as if conscious that, at a future time, that 
dement would become one of the chief sources of her prosperity. 

Vertical Relief. — In regard to the lines of vertical relief, on the 
other hand, the following are the most important generalisations : — 

1. All the continents rise gradually from the sea-shore towards the 
interior, where they attain their maximum elevation ; and thus each 
of them presents to the surrounding ocean two great slopes, which 
greatiy differ, however, in length and degree of inclination. 

2. In the Old World, the long gentle slope is inclined toward the 
north, and the short abrupt slope toward the south ; while in the 
New World the gentle slope is toward the east, and the abrupt to- 
ward the west, in each case the abrupt slope facing the larger ocean. 

3. But while each of the grand continents has thus a law peculiar 
to itself, it is also influenced by the law of the other. Thus, though 
in the Old World the long or gentle slope is toward the north, and 
the short or abrupt one toward the south, it is also true that the 
slope fronting the east is more gradual than that fronting the west. 
In like manner, though in the New World the longer slope fronts 
the east, and the shorter the west, it is also true that the slope which 
fronts the north is gentler than that which fronts the south. 

4. The elevated ridge formed by the intersection of the great slopes 
or watersheds is usually occupied by lofty mountain-chains, and con- 
stitutes the grand water-partings of the different continents. Hence 
in the Old World the general direction of the principal mountain- 
ranges is from east to west, but in the New it is ft'om north to south ; 
whue in both they extend in the direction of the greatest length of 
the continents. Thus, in the eastern continent, one immense moun- 
tain-chain extends, with few interruptions, from the western extremity 
of the Pyrenees to the viciiiity of Behring Strait ; while in the western, 
an almost unbroken range extends from the north-east angle of Alaska 
to the southern extremity of Patagonia. 

5. This law holds equally true in regard to all the more important 
peninsulas and islands. Thus Scandinavia, Italy, Malacca, Corea, 
Kamtschatka, and Lower California, together with Great Britain, 
Corsica, Sardinia, Sicily, Crete, Madagascar, Sumatra, Java, Japan, 
Cuba, Hayti, Jamaica, and New Zealand, are all traversed by 
mountain-ranges in the direction of their greatest lengths. 
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6. While in both hemispheres the reliefs go on increasing from the 
Polar Circles to the Tropics, the highest elevations of the eastern 
hemisphere occur in the vicinity of the Tropic of Cancer, and in the 
western they are found midway between the equator and the Tropic 
of Capricorn : compare the positions of Mount Everest, in the Hima- 
laya, with that of Sorata, in the Andes. 

7. A remarkable similarity exists between Europe and Asia in re- 
spect to their reliefs. Thus the Pyrenees and Alps correspond with 
the Taurus, Caucasus, and Himalayan ranges ; the basin of the 
lower Danube has its counterpart in Tonquin ; European Turkey cor- 
responds with Further India ; the valley of the Po with the basin of 
the Ganges ; while Delhi, Calcutta, and Bombay at once suggest 
Milan, Venice, and Genoa. 

8. Notwithstanding the imposing height of the various mountain- 
chains, the mean elevation of the continents depends far less on this 
than on the configuration and extent of the plains and table-lands. 
For example, if the material of the Alps were spread over Europe, its 
surface would only be raised 22 ft. ; while, on tne contrary, were the 
great plateau of Spain, which has an elevation of only 2250 ft., dis- 
tributed in a similar manner over the c6ntinent, the general surface 
would be raised 76 ft 

9. Taking each of the continents separately, the average elevation 
of Europe would be 670 ft. ; North America, 748 ft. ; South America, 
1132 ft.; Asia, 1150 ft; Africa, probably 1600 ft; and Australia, 
perhaps 500 ft ; and it is estimated that if all the ipequalities of the 
earth s surface were reduced to a uniform natural level, the land 
would have an elevation above the sea-level of 925 ft. If these data 
could be relied on, the real level of the earth's surface, as distinguished 
from that of the sea, could be approximately estimated at 230 ft. 
higher than the present sea-level. 

Origin of the Continents. — The existing continents and 
islands are of comparatively recent origin, and they must not 
be regarded as having the same antiquity as the earth itself. 
Modem research puts it beyond all doubt that, in former ages, 
all those wide areas now occupied by the continents formed 
portions of the bed of the ocean. The petrified remains of 
marine plants and animals in the very heart of each of the 
continents, and in the rocks forming the summits of the loftiest 
mountain-chains, were there no other proof, put this startling 
fact beyond all dispute. Hence the question arises, Has, then, 
the ocean sunk below its ancient level, leaving great portions 
* of its bed dry? or have parts of the sea-bottom been m some 
places upheaved by earthquakes and other volcanic agency, while 
by the same agency, in other instances, the dry land has been 
depressed ? The earlier geologists entertained the former view, 
bemg of opinion that the sea must have gradually sunk down, and 
by some unexplained means entered the earth's crust ; or that it 
had^ in part, become actually annihilated ! But even were these 
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extravagant suppositions conceded, tbey would go but a small 
way in explaining the phenomena of the present distribution of 
sea and land. All geologists are now agreed that the volume 
of the ocean has ever remained the same ; that its general level 
]ias never materially altered ; that the existing lands have been 
repeatedly submerged beneath the sea, and as frequently raised 
again above its surface ; that this process of alternate elevation 
and depression has taken place in our own country, and is, 
indeed, going on at the present moment before our eyes — for 
example, the raised beaches so prevalent in many parts of Scot- 
land ; the gradual but well-ascertained upheaval of the land in 
certain parte of Sweden, the plains of Patagonia, and the pampas 
of Buenos Ayres ; while the slow subsidence of the western coast 
of Greenland has been demonstrated by Dr Pingel, the Danish 
naturalist, to have been goin^ on for the last 400 years. More- 
over, wherever circular coral islands or barrier-reefs abound, 
Mr Darwin has shown that there is a slow and continual sink- 
ing of the sea-bottom. The existing contour and relief of the 
continente are doubtless due to the same causes as those which 
have served to elevate them above the ocean-level. Before 
their upheaval, they no doubt pi'esented inequalities somewhat 
similar to those which they now do ; for the existing bed of the 
ocean is far from being uniformly level, some parts being only 
a few feet beneath the surface, while others are several thousand 
fathoms. We cannot, however, imagine that when the great 
masses of the land rose above the sea-level the forces that up- 
heaved them ceased to operate. In many parte of the world 
the general level of large areas of the surface has been slowly 
and silently elevated, while in others it has been in like manner 
depressed. 

Konntain-systemB. — ^Thus lofty mountain - chains, generally re- 
garded as the most unchanging objecte in nature, have attained their 
pr&sent dimensions by gr»lual accessions of altitude and by forces 
continued throughout many ages. Owinff to the very imi^ortant part 
which mountein-chains perform in the cumate and natural history of 
the globe, their exact position and direction on the earth's surface, 
and the reason why they have such position and direction, are ques- 
tions of the deepest interest. A full and satisfactory answer cannot 
as yet be given to these questions ; but some interesting facte bearing 
on them may be regarded as approximately esteblish^. 1. Moun- 
tains are rarely seen existing as isolated masses, but generally in a 
long series of elevations, arranged in the same line, such series being 
denominated a chain or range, 2. It is generally found that one 
range is closely connected with one or more ranges near it, and run- 
ning in a parallel direction. These form a system. 8. Sometimes 
the chain remains single, but sends out several branches or spurs at 
right angles to itself. 4. The nucleus or central mass of the chaiu 
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generally consists of granite or some other i^eous rock which has 
een protruded from below, and clearly indicates both the nature 
and direction of the internal force. 5. By carefully inspecting an 
orographical map of the ^lobe, it will be seen that the vanous moun- 
tain-systems occupy portions of great drolM of the globe — such circles 
being the lines in which the internal force meets with the least re- 
sistance. 6. Mountain-chains of the same geological formation are 
believed to be of the same antiquity ; and, however widely separate, 
are parallel to one another. 7. Tne relative, though not the absolute, 
age of a mountain-chain may be ascertained from the mineral char- 
acter of the strata forming it, and the fossils, if any, found imbedded 
in them. Thus it may be easily determined whether any given chain 
belongs to' the Plutonic, Hypozoic, Palaeozoic, Secondary, Tertiary, 
or Post-tertiary era (see diagram ''Succession of life "). 

There are only two really great mountain-systems in the world, 
the one in Asia-Europe, extending from the Spanish peninsula to 
Behring St, or a distance of 9000 miles; and the other in North 
and South America, extending along its western coast from Point 
Barrow in Alaska, to Cape Horn in Patagonia, and having a total 
length of about 10,000 miles. The Bolor Ta^ range, in the centre 
of Turkestan, and midwav between Novaia Zemlia and Ceylon, is 
the ffreat nucleus from which all the mountain-ranges of the Old 
World diverge. This primary chain, or central knot of mountains, 
stands on the lofty plateau of Pamir (itself 16,600 ft. high), between 
the sources of the Amoo and the Yarkand, and attains an elevation 
of 19,000 ft. In considering the mountain-systems of this gigantic 
continent, it will be observed that the entire north -west of Asia, 
embracing the greater part of Siberia and W. Turkestan, consists of 
an immense lowland plain of about twice the size of Europe. The 
remainder of the continent is, with few exceptions, occupied with 
two vast table-lands of triangular shape — an eastern and a western — 
which meet together in the Bolor Ta^h Mountains ; the larger triangle 
having its base resting on the Pacific Ocean, and the smaller on the 
Levant and Red Sea. The first, which is known as "Eastern High 
Asia," has its central parts occupied with the vast rainless desert of 
Shftmo ; while the second is subdivided into the minor table-lands of 
Iran, Arabia, and Asia Minor. The principal mountain-ranges of 
the Old World either form the bounding-walls of these lofty plateaux 
or traverse their interior. 

Kountaln- ranges of the Eastern Triangle. — 1. The Hiinalaya 
("abode of snow"), between India and Tibet, forming the southern 
wall of the triangle, extends from the Bolor Tagh to the great bend 
of the Brahmaputra, beyond which it branches off into the lower 
ranges of China and Further India. This chain contains the loftiest 
elevations on the earth's surface ; is 1500 m. long, and from 100 to 
850 m. broad ; height of snow-line on the south side, 16,200 ft., on 
the north side, 18,600 ft.; highest elevation at which wheat ^ows, 
13,000 ft. on the south side, but on the north side, according to 
Captain Gerard, 18,544 ft. The three loftiest peaks are — Mt. Everest 
or Gaurisankar, 29,002 ft. above the level of the sea (the cuhninat- 
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ing point of Asia, and probably the highest summit on the earth's 
Burface) ; KunchiQJunga, 28,150 ft.; BJid Dhawalagiri, 28,080 ft 
Several other peaks in this range rise to an eleratiiin of 25,000 R., 
and not fewer than a hundred attain a height of 20,000 ft., while the 
averageheightofthe whole chain equals that of Mt. Blanc, the loftiest 
European mouutdn. 




StcHimnfAiia fram mirth to uiulk t 

3. TlM Nortb-aastam Syctem, or the chains fonning the northern 
wall of the triangle, and extending in an E.N.K direction from 
the Bolor Tagh to Behring St. It embraces, 1. The Thian Shan or 
Celestial Mts., in Kashgaiia, separating the ba^iiu of the Obi and 
Yarkand; h. a., Tengri-Tagh, 21,000 ft. 2. The ^«oi and 5aya?wi, 
in southern Siberia, separating the basin of the Amoor from those of 
the Yenisei and Lena; h. a., Mt. Katunsk, in the Altai, 12,7S0 
ft. 3. The Slaaovoi and Aldan Mts., in eastern Siberia, between the 
Arctic Ocean and Sea of Okhotsk ; h. s., Kliutschew, 15,825 ft. This 
and many other summits are active volcanoes. 

S. Ohaini traverilns the Inteilor of the Eastern TllangU — 1- 
The Karakontm and Kuen-lan ilta. in Tibet, separating the upper 
basins of the Indus and Brahmaputra from that of the Yarkand ; h. s., 
Dapsang Peak, in the Karakoram, 28,278 ft. ; height of snow-line, 
20,000 ft. 2. The Pe-ling, Yan-ling, and Nan-ling, in China; h. s., 
12,000 fL 3. In-than and Kkin-gan, sonth-east of the desert of 
Shimo. 

Xansei flanBng tbe Vestem TTlangle. — 1. The chains that 
skirt the southern side of this triangle have no great elevation — viz., 
the Saliman and HtUa MU., separating India from Afghanistan 
and Bilucliistan, and Jebel Akhdar, in the south-east of Arabia ; 
h. a., Takht-i-Suliman, 11,301 ft. 2. The chains flanking the western 
side A.re— Jebel Stdjax, on the west co. of Arabia ; Mount Horeb, 8628 
ft., in the desert of Sinai ; Hermon, in Palestine, 6058 ft. ; and the 
Lebanon range, along the Co. of Syria, lO.OQI ft. 3. The ranges 
forming the northern wall of the triangle are — (1. ) the Hindv Kash, 
separating the I'anjab and Afghanistan from Turkesten ; h. s., 20,000 
ft (2,) The ParopamiMn, separating Western Tiirkeatan fram the 
plateau of Iran ; h. s., Koh-i-Baba, 16,000 ft (3.) The Elburz. south 
of the Caspian, and separating Its basin from that of the Euphrates ; 
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h. s., Mt Demavend, 18,464 ft. (4.) The Mts. of Armenia, bet. the 
basins of the Caspian and Black Sea ; h.s., Mt. Ararat, 17,112 ft. (5.) 
The Taurus and Anti- Taurus ranges, enclosing the table- land of 
Asia Minor; h. s., Mt. Argish, 13,000 ft (For the Caucasus see 
below, p. 46.) 

European Mts.— Proceeding still further west into Europe, we 
find that the entire east and centre of that continent consists of an 
immense low-lying plain, extending from the Urals to the Carpathians, 
and from Mt. Caucasus to the Arctic Ocean ; while south of the Baltic 
it stretches west as far as the shore of the North Sea. But southern 
Europe, which is highly mountainous, embraces the seven following 
chains, all of which are to be regarded as a western continuation of 
the Asiatic Mountains. 1. The BaUcans, in the Hellenic Peninsula, 




Section of Europe t/rom north to south, 

separating the basin of the Danube from the Adriatic and .^gean 
Seas ; h. s., Tchar Dagh, 9840 ft., and Mt. Olympus, 9749 ft. ; height 
of snow-line on the latter, 9000 ft. 2. The Carpathians, separating 
the valley of the Danube from the Gt. Eastern Plateau ; h. s., Mt. 
Botschelje, 9528 ft. ; height of snow-line, 6000 ft 3. The Alps Proper, 
a huge crescent-shaped range, chiefly in Switzerland, but extending 
from Vienna to Nice, and separating the upper basins of the Danube, 
Po, BMne, and Rhone. The Swiss Alps consist of three principal 
ranges. (1.) The Bernese Alps^ between the Aar and Upper Bhone ; 
h. s., Finster Aar Horn, 14,100 ft. high, and the Jungfrau, 13,718 
ft. (2.) The Lepontine or Helvetian Alps, forming the basins of 
the Khine, Khone, and Po ; h. s., the Simplon, 11,610 ft. high, 
and Mt. St Gothard, 10,900 ft high. (3.) The Pennine Alps, 
further west, between the basins of the Rhone and Po, containing 
Mt Blanc, in Savoy, the loftiest summit of the Alps, and (since 
1860) the culminating point of France, 15,781 ft. high; Great St 
Bernard, 11,080 ft; Mt. Cervin or the Matter Horn, 14,705 ft ; 
and Monte Rosa (the culminating point of Switzerland, 15,217 
ft high. Height of snow-line in the Swiss Alps, 8000 ft. 4. The 
Apennines, 800 m. long, traverse the entire length of Italy, re- 
appearing in the island of Sicily, and forming the water-parting 
bietween the Mediterranean and Adriatic ; h. s., Mt Etna, in 
Sicilv, 10,874 ft ; Monte Como, in the north of Naples, 9521 ft; 
height of snow-line, 9500 ft 6. The Sardo-Corslcan System, in 
the islands of Corsica and Sardinia ; h. s., Monte Rotondo, 9068 ft. 
6. The QaUo-Franclan Mts., embracing all the mountains of 



46 FHrSIOGRAPHT AND PHTSIOAL OBOORAPHT. 

France between the Garonne and Rhone, and connected with the 
Alps Proper by the Jura chain, besides which there are four separate 
ranges — viz., the Voages, Cote cT Or, Auvergne, and Cevennes Mts.; 
h. s., Mont Molleson, in the Jura chain, 4690 ft hi^h. 7. The Hespe- 
rian System, occupying the whole of the Spanish peninsula, and 
forming five distinct ranges — ^the two loftiest being the Pyrenees, in 
the north, separating the basin of the Garonne and Bay of Biscay 
from those of the Ebro and Douro; h. s., Maladetta, 11,168 ft high ; 
and the Sierra Nevada, in the south, between the basins of the 
Guadalquivir and Mediterranean ; h. s., Cerro Mulha^en, 11,663 ft. 
Height of snow-line in the Sierra Nevada, 11,200 ft 

Besides the seven great ranges, all of which are more or less con- 
nected with each other, and form a continuation of the Asiatic Mts., 
we have the following five detached systems — yiz., the British, Scan- 
dinavian, Sarmatian, Uralian, Caucasian. 1. Tlie BzltUh System 
traverses the British Archipelago from the Scilly Isles to Shetland, 
a distance of 800 m. As compared with some of the other systems 
of Europe, it is of very moderate elevation, and nowhere reaches 
the line of perennial snow, though Ben Nevis, its culminating point, 
probably comes short of it b^ less than 400 ft. The principal chains 
are : (1.) The Orampians, m Scotland, crossing the country in its 
widest part, and separating the Highlands from the Lowlands ; h. s., 
Ben Nevis, 4406 ft (2.) The Mts. of England, extending from 
the Cheviots, on the Scottish border, along the west coast to Corn- 
wall ; h. s., Saowdon, in Wales, 8590 ft. (3.) The Irish Mts,^ 
forming a circular ring round the island ; h. s., Carran Tual, in KeiTy, 
3414 ft 2. Tlie Scaadioavlan Ssrstem, in Sweden and Norway, 
traversing the peninsula for 1150 m. in its greatest lengUi, from tne 
Naze to the North Cape, and separating the Atlantic basin from the 

freat European plain. It is usually divided into three sections— viz., 
{ardanger Field, Dovre Field, and Kiolen ; h. s., Skag^oestinden, 
8670 ft ; height of snow-line, 5000 ft 8. The Sannatlan B3nrtem, 
in the centre of the great Em'opean plain, though attaining to 
no great elevation, is of importance as forming the water-parting 
between the Baltic, Black, and Caspian Seas. The Vatdai Hills, 
at the source of the Volga, are 1100 ft high. 4. The Uralian 
System, forming the boundary between Europe and Asia, and the 
water-parting between the extensive basins of the Volga and Pet- 
chora, and that of the Obi. Total length, including the Mts. of 
Novaia Zemlia, 1680 m. They consist of round-backed, plateau- 
shaped masses of very moderate elevation, nowhere attaining to the 
limit of perennial congelation ; h. s., Eonjakofsky, on the 60th 
parallel, 5397 ft. 6. The Caucasian System, which may be regarded 
as forming a connecting link between the Carpathians and mountains 
of Armenia. Thev extend in one immense chain, 750 m. long, from 
the Black Sea to the Caspian, and separate the great European plain 
from the depressed valley of the Kur. Mean elevation from 8000 
to 9000 ft; h. s., Mt Elburz, 18,671 ft, beiu^ 2790 ft higher 
than Mt. Blanc ; height of snow-line, 11,000 ft. ; limit of the cereals, 
7000 ft. 
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AMcan KoTUitains. — The continent of Africa is really a peninsula 
stretching south-westward from Asia-Europe ; but as it remains to 
a great extent unexplored, its mountain - systems cannot be very 
accurately defined. The northern half of the continent is an oval, 
and the southern a triangle ; the latter being, in general, twice the 
elevation of the former, while the mountains skirt the margins of 
these two figures. 1. Tiie Atlas Kts., in the N.W., consist of three 
ranges running parallel to the coast, and to the Hesperian Mts., 
with which they are geologically connected, and from which they are 
separated by the narrow Strait of Gibrdtar. They may be regarded 
as a continuation of the mountains of Sicily, extending from Cape 
Bon, in Tunis, to Cape Ghir on the Atlantic coast, and forming the 
water-parting bet. the Mediterranean and Sahara. They are supposed 
to attain an elevation of 13,000 ft.; h. s. ascertained, Mt. Miltsin, 
in Morocco, 11,400 ft. 2. The Kong Mts., in the S.W. of the oval, 
separating the basin of the Niger from the Gulf of Guinea. Average 
elevation, 2000 ft.; h. s., Mt. Rennell, 8200 ft. Still further east, 
Mts. Alantika and Mindif reach 9000 and 6000 ft. respectively, be- 
yond which the country remains unexplored. 8. Mts. of Abyssinia, 
which run north and south for about 80 degrees, and may be re- 
garded as a continuation of the Lebanon range, through the desert 
of Sinai. They separate the basin of tiie Nue on the W. from the 
Ked Sea and Indian Ocean on the £.; h. s., Bas Detschen, 16,986 ft. 
4. Proceeding to the peninsular portion of the continent, we find an 
immense coast-range skirting the E. side of the triangle, from the 
equator to the Cape of Good Hope (parallel to which are the Mada- 
gascar Mts.), and forming the boundary wall of the South African 
plateau ; h. s., the volcanic peaks of Kilimandjaro and Krnia, 
20,065 and 18,000 ft. respectively, near the equator; Lupata ^ts., 
from 8000 to 10,000 ft., at the mouth of the Zambezi ; Diakensberg, 
in Natal, 10,357 ft. 5. The ranges skirting the W. side of the 
triangle, from the Cape of Good Hope to the Bight of Biafra ; h. s., 
Table Mt., 8582, Omatako Berg, 8739 ft, and the Camaroon Mts., 
which attain in Albert volcano 18,000 ft. 6. West of the great lakes 
are the Blue Mts., which, according to Sir Samuel Baker, are 9500 
ft. in elevation. 

Mountain-systems of tlie New World. — Tn each continent of the 
New World the main axis extends unbroken through the entire 
length, close to the W. coast, while a secondary axis is near the £. 
shore — all of them lying in great circles of the globe, as do those of 
the Old World. Vast low plains occupy the interior of both con- 
tinents, but the plains on tneir seaward slopes are only of limited 
extent. The western side of N. America, from Behring St. to the 
Isthmus of Panama, consists of a broad elevated plateau, surmounted 
by two lofty mountain-ranges, which attain their greatest elevations 
where the plateau is widest — viz. : 

1. The Rodcy Mt. Range, forming the eastern wall of the plateau, 
and extending from the Arctic Ocean to Central America ; h. s., Mt. 
Brown, 15,990 ft., and Mt. Hooker, 15,700 ft., at the sources of the 
Saskatchewan, and forming the loftiest summits of British North 
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America ; Freemont's Peak, 13,569 ft., I.OTg's Peak, 12,000 ft, and 
Bighorn, 10,000 ft., in the U.S. ; Orizaba, 17,347 ft.., and Popocate- 
petl, 17,884 it., in Mexico, neit to St ElUa, the h. B. of thi9 con- 
tinent. Agua, in Guatemala, 13,000 ft., h. a. of Central America. 
2. The Paclllo Range, on the W. margin of the plateau, extending 
from Alaska to the S. extremity oC Old California, and known aa the 
Sea Alps in the N., the Cascade Mlt. in the centre, and the Sierra 
Nevada in the S., embrace the following mountaiiia : Mt. St Elias, 
17,900 ft., and Mt Fairweather, 11,782 ft., on the coast of Alaska ; 




Nertk Attnrka,Jr 



Mt St Helens; N of the Columbia, 15.750 ft, the h. s. ofthoU.S.; 
Mt. Hood and Mt. Jefferson, 15,500 ft., S. of the Columbia. S. 
On the E. side of North Am'erica are the AUegbanlas or Appa l b c M ml 
Chain in the E. of the U.S., extending from Ijibrador to the Gulf of 
Mexico; h. a.. Black Mt, in N. Carolina, 6707 ft. 

In 3. America the W. highland is a long, narrow platean sur- 
mounted by two gigantic mountain 'Chains, named the ks^SM, in 
manyrHBpeota the most mtqeatic system of mountains on the surface 
of the gbhe, though its h. a do not equal those of the Himalayas. 
The following are nmongat the most celebrated of the Andes: (1.) 
Andai ol Quito, extending from the Caribbean Sea to the 6th degree 
otS. lat;h.8., Chlmboraio, 21,424 ft, Cotopaxi, 18,875 ft, Antisana, 
18,137 ft (3.) Anitei or Pem, from 5° t ' ■' " "-' "'" 
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ft, Illiraani, 21,150 ft:. ( 

Acondgua, near Valparaiso, 23,910 ft. The highest and mosl 

tiauous ranges forming the secondary axis of the contineut, e 
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along the E. coast, reaching their greatest elevation west of Rio 
Janeiro. Their average altitude is from 4000 to 6000 ft., the highest 
peaks reaching nearly 10,000 ft 

Australian Mts. — The mountain-system of Australia may be re- 
garded as forming a distant continuation of those of S.E. Asia, 
through the Malay peninsula and the double chain of large islands 
forming the Eastern Archipelago. A series of ranges skirt the coasts, 
but all of moderate elevation, the only well - defined chain being 
that alon^ the E. side, stretching from C. Melville to Bass Str. ; h. s., 
Mt. Kosciusko, in the Victorian Alps, 7308 ft. In New Zealand a 
chain of snow-clad mts. traverses the two larger islands from N. to 
S., and parallel to the Mts. of Australia, attaining their greatest 
elevation in S. Island, where Mt. Cook and Mt. TyndaU reach 
13,200 and 11,000 ft. respectively; h. s. in N. Island, the volcanic 
peak of Mt Egmont, 8838 ft 

Table-lands and Plains. — These do not differ essentially, except 
in regard to elevation. The table-lands or plateaux (Fr. plateau, a 
flat dish) are merely lofty plains intimately associated with moun- 
tain-ranges, of which indeed they form the bases. Extensive tracts of 
country that are over 1000 ft. in altitude are called plateaux. They 
occur chiefly in the Old World, while the New is mainly characterised 
by its immense low-lying plains. About one-half of the surface of 
Asia is occupied with an immense table-land, extending without in- 
terruption for about 5500 m. from the MediteiTanean and Red Seas 
in the W. to Corea in the E., with a breadth varying from 2000 to 
700 miles. 

It embraces the following portions : plateaux of Asia Minor, Ar- 
menia, Arabia, and Iran, in the W. ; plateau of Pamir, 15,600 ft. 
high, the loftiest table-land on the globe, and containing the Sir-i- 
Kol, the highest known lake, and the ]1ateau of Tibet, of about 
equal elevation, originating all the great rivers of S. and S.E. Asia, 
in the centre ; plateau of Gobi or Shamo, an immense rainless 
desert of shifting sand, containing no vegetation, 4000 ft. high, 
1200 m. long, and from 500 to 700 m. broad, in the E. ; plateaux 
of Malwa, Dakhan, and Mais^r, in Hindustan. The principal table- 
lands of Europe are the Swiss plateau, plateaux of Spain, 2250 ft. 
high ; Langre, Orleans, and Auvergne, in France ; plateau of Bava- 
ria, 1660 ft. The only plateaux of great elevation in N. Africa aro 
those of Marocco and Abyssinia, each of which is surmounted by 
lofty mountain-ranges ; while the triangular portion of the continent 
forms an immense moderately - elevated table - land, the Victoria 
Nyanza Lake having an elevation of 3740 ft., and Lake Tanganyika, 
2710 ft. In the New World a series of lofty table-lands forms a 
broad, irregular belt along the coast of the Pacific, from Behring 
Str. to the Caribbean Sea, and from the latter to the Str. of Magellan. 
In N. America its elevation increases from 800 ft., near the Arctic 
shores, to 8000 ft. in the table-land of Mexico. An E. highland of 
much less extent stretches from Hudson Str., in Labradpr, to the north 
of Alabama, but nowhere exceeding 2000 ft In the southern con- 
tinent the W. highland is a long narrow plateau, attaining in Bolivia 

D 
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a height of 12,900 ft. ; while the E. or secondary highland, known 
as the plateau of Brazil, is about 2500 ft in elevation. In the Old 
World one vast and uniformly level plain, the Great Nortliexii 
PUiB, extends with but one important interruption (the Ural Mts. ) 
from the shores of the Atlantic to the vicinity of Behring Str., and 
from the Arctic Ocean to the Caucasus and Altai Mts. It extends 
over 190* of Ion., and embraces an area of 4| million sq. m. The 
European portion of it consists of the German Plain, stretching 
from the Str. of Dover to the Vistula, and the Sazmatlan Plain, 
between that river and the Urals ; while the Asiatic portion is known 
ns the SllMzian Plain and KirgbJi Steppea (in some parts 83 ft. 
below the sea-level —for example, the Caspian Sea, the largest lake in 
the world). In Africa, the vast sandy desert region of uie SaJULxa, 
extendinff from the Atlantic to Egypt, long supposed to be a deeply 
depressed plain, is now ascertained to have a general elevation of 
1500 ft. Of a somewhat similar character, but of a much lower 
elevation, is the whole Interior of Australia, supposed by some to 
be the bed of a sea of recent date, a conjecture which is borne out by 
its immense number of salt lakes. Of the Minor Plains of the Old 
World, the principal are — the Plain of Lombardy, watered by the 
Po ; Hungarian and WaUachlan Plains, in the basin of the Danube ; 
Mesopotamia, or lower basin of Euphrates and Tigris ; the Thnr, 
or vidley of the Indus ; Plain of Hindustan, or valley of the 
Ganges ; mdo-Ghinese Plain, in Further India ; and the Cblneso 
Plain, or lower basin of the Yangtse and Hoang-ho. The plains 
of the New World occupy a still larger portion of the entire area. 
The principal are : 1. The Great Central Plain of N. America, ex- 
tending from the Arctic Ocean to the G. of Mexico, and from the 
AUeghanies to the Rocky Mountains ; it is watered by many great 
rivers, embraces the largest fresh- water lakes on the globe^ and is 
traversed from east to west by a broad, ^ntle swell of land, which 
divides the waters that flow to the Arctic Ocean from those that 
enter the G. of Mexico. 2. The Atlantic Plain, between the Alio 
ghanies and the Atlantic Ocean. The central region of S. America 
IS chiefly a vast alluvial and extremely level plain, having scarcely 
any distinguishable water-parting, and destitute of great &kes. It 
comprises the basins of the Amazon, Orinoco, ' and Kio de la Plata, 
called respectively Selvaa, Llanos, and Pampcut, Belvas or SHvas 
are the low-lying forests bordering the Amazon. Thev are extremely 
dense, and are 1600 m. lon^ and about 600 m. broaoL For several 
months annually tliis region is under water, and the natives have to 
resort to the tree-tops. UanoB form one of the most level portions 
of the earth's surface; they are grassy flats, almost destitute of trees, 
often inundated by the Orinoco, and at other times parched up by 
drought. Here frequent conflagrations destroy every living thing. 
Pampas are the immense plains in the basin of the Parana and Uro- 
guay ; they are treeless, but many parts of them aflbrd admirable 
pasture to troops of wild horses and cattle, while othera are for the 
greater part of the year quite sterile. 
Prairies ar^ the boundless meadow -lands which occupy fully 
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8,000,000 sq. m. in the centre of N. America ; they are destitute of 
trees, but are covered with tall grass, gay with wild flowers, and 
alive with herds of wild cattle. East of them, towards the Allegha- 
nies, hundreds of miles of unbroken forest exist. On the west side 
of the Mississippi the prairies are called plains. 

Timdraa are swampy desert tracts along the north of Russia and 
Siberia. They are covered with peat, and in winter are frozen to a 
great depth. 

Steppes are sandy, barren, and not unfrequently saline tracts 
surrounding the Caspian and Sea of Aral, and stretching far into 
Siberia. For some months annually they are covered with long 
rough grass (which is, however, burnt up by the heat and drought 
of summer), while in winter they are howling wastes of snow. 

Landes are a low-lying, sandy, and monotonous district of France, 
stretching eastward from the Bay of Biscay, and producing nothing 
but heath and furze. 

The Oceans. — About 145,000,000 square miles, or nearly 
three-fourths of the entire superficies of the globe, are perman- 
ently covered with water, the surface of which forms a true nat^ 
ural level, all the parts of which are nearly equidistant from the 
earth's centre. Such a level, in the case of a rotating body like 
the earth, the materials of which were once capable of yielding 
to the influences of gravity and of the other forces that acted upon 
it, is of a spheroidal form, like that of an orange, and differs 
materially from a dead, horizontal level, such as the floor of an 
apartment. The surface of lakes, deserts, plains, and even of 
the continents, conforms itself to this natural level ; it forma 
the limit from which all the elevations of the land and the 
soundings of the ocean are measured ; and, in constructing a 
canal or railway along the surface, an allowance must always 
be made for this difference, amounting to about eight inches in 
the mile. Unlike the continents, which are separated from each 
other by natural barriers, all the great waters of the globe are 
continuous and united, and hence, though there are three great 
continents, there is, strictly speaking, but one ocean, all the 
parts of which are in free ana constant communication. Tlxia 
interchange and circulation of its waters is a grand modifies-of 
climate — one which powerfully contributes to the salubrity tof 
the continents and the intercourse of nations (see lu^der 
" Climate "). Still, the great land-masses are so arranged on the 
surface of the globe as to divide the waters into seven Tast 
sheets, called oceans, corresponding to the seven continents 
specified in p. 38. These are the Atlantic, Pacific, Indian, 
Arctic, and Antarctic Oceans — each of the first two being 
divided by the equator into two nearly equal parts. 

Depth. — Contrary to all former ideas, the average depth of 
the ocean does not exceed 2000 fathoms, or rather more than 
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two miles ; while the maximum depth, so far as known, is 
27,450 ft. (see below, pp. 57, 69). One great feature is common to 
all the oceans — viz., that the narrow fringe of water along the 
Beaboard has only a depth of a few hundred feet ; but the 
descent then becomes abruptly precipitous to a depth of from 
10,000 to 12,000 ft This feature is well illustrated at the en- 
trance of the British Channel, where the distance between a 
depth of 600 ft and 12,000 ft. is in some places only ten miles. 

Temperature. — The surface temperature varies with the 
latitude and season of the year, but, except in the neighbour- 
hood of ice, it is everywhere warmer than lower down. After 
a depth of 100 fathoms (at which seasonal changes have no 
effect), the temperature invariably decreases as the depth in- 
creases, until we arrive at a depth of 2000 fathoms, where, as a 
rule, it remains stationary at, or always very near, 35** Fahr. 

Animal Life. — By the investigations of H.M.S. Porcupine, 
in 1869, and the still more protracted researches of the Chal- 
lenger,''^ it is now found tnat animals of many orders and 
genera — some of them, too, of very high organisation — exist at 
the profoundest depths of the ocean. Sponges, annelids, mol- 
luscs, echinoderms, and crustaceans, have already been found in 
vast numbers. It appears that life is sustained even in the 
most depressed and coldest regions of the sea-bottom ; while in 
those areas equivalent in depth below the sea-level to that of 
Mont Blanc above it, animal life abundantly prevails. Other 
regions apparently form the sepulchral resting-places of organ- 
isms which, when living, existed near the surface. Thus geolo- 
^cal formations, stamped with the permanency of ages, appear 
m these regions to be in course of construction. In short, life 
and death, reproduction and decay, are active in all depths 
hitherto attained. ^ 

Saltness. — The waters of the ocean are salt and bitter, their 
density varying according to the quantity of saline matter they 
contain. Generally speaking, the quantity of salt is from 3.5 
to 4.0 per cent of the entire volume ; though near the mouths of 
great rivers, and in the polar regions during the melting of the 
ice, the surface-water is considerably fresher. In other locali- 
ties, such as confined seas which receive no important rivers, 
and in the regions swept by the trade- winds, owing to excessive 
evaporation, the quantity of saline matter is somewhat more. 

* The celebrated Challenger Expedition, which has so lai^ly contributed to 
our knowledge of the ocean, returned to Spithead on May 23, 1876, after an ab- 
sence of 3^ years. During this voyage the ship sailed or steamed over 68,000 
miles, and took about 400 deep-sea soundings. Of tiiese, 2 were over 4i>u0 
&thoms, 9 between SOOO and 4000, 168 between 8000 and 20')0, 124 between 2000 
and 1000, and 97 below 1000 fathoms. A rough average gives 17S6 fathoms, or 
10,410 feet. This depth is less than one-half of that formerly supposed. 
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All the substances which are found on the land^ and which cold 
water can hold in solution, occur in the ocean. No fewer than 
28 ingredients are enumerated by Forchhammer as contributing 
to its saltness, but less than half this number exist in any ap- 
preciable quantity. Of these, sodic chloride (common salt) is 
by far the principal, after which come magnesic chloride, mag- 
nesic sulphate, calcic sulphate, calcic carbonate, and silica. The 
last three play an important part in furnishing the coatings of 
molluscs, coral insects, and silicious infusoria. The original 
cause of the saltness of the ocean is perhaps an insoluble pro- 
blem. It appears to have existed ever since the planet haa an 
ocean, or at least ever since the ocean became the home of living 
creatures — for the geologist can show that the fossil fauna of the 
globe consists largely of species that must have lived in salt 
water. At the same time, when we reflect that all the rivers 
in the world are more or less impregnated with the very same 
saline ingredients as we find in the ocean, that they nearly all 
discharge themselves into the sea, and that in the process of 
evaporation fresk water alone enters into the gaseous form, it 
seems to follow that the saltness of the ocean is gradually in- 
creasing. This slow increase may account for the otherwise 
inexplicable fact that frequently since the ocean became inhab- 
ited, its varied population became wholly, or almost wholly, 
extinguished. 

Density. — The density of sea-water of the average degree of 
saltness, as compared with pure water, is as 1.0275 to 1, both 
being at 62° Fahr. The salt and increased density tend to pre- 
serve the liquid condition of the sea at low temperatures, and 
also render it less vaporisable than fresh water. Fresh water 
freezes at 32° Fahr., but sea- water only at 28^° (or if the water 
be undisturbed, as low as 25°.4). Accordingly, except in the 
polar regions, the surface of the ocean is very rarely covered 
with ice. 

Movements of the Ocean. — The waters of the ocean are 
subiect to various kinds of motion, arising from the attraction 
of the sun and moon, the impelling influence of the winds, and 
from temperature. 

1. The attraction of the moon, sometimes aided and some- 
times impeded by that of the sun, produces the grand pheno- 
menon of the Tides, which, from the astronomical point of 
view, have been already treated of (p. 11). The great tidal wave 
may be regarded as originating in the South Pacific and An- 
tarctic Oceans, its progress being less interfered with there by 
the proximity of land ; though, theoretically, the undulation 
extends from pole to pole, its centre and highest ;part being 
always right under the moon, whose progress in the heavens it 
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closely follows. Were the globe entirely covered with water, 
the wave would move round the earth in 24 hours, being at the 
rate of 1000 miles per hour in equatorial regions. Its speed 
and direction, however, are greatly interfered with by the con- 
tinents and islands which it meets in its westerly course. The 
consequence is, that in many places high tide lags far behind the 
moon. Having crossed the Indian Ocean in six hours, it enters 
the Ajilantic, and pursuing a northerly course at a velocity of 
from 500 to 700 miles an hour (its central part being far in 
advance of the extremities, which are obstructed by the margins 
of Africa and South America), it arrives at Brest and the west 
of Ireland ; and reaching the Qrknevs and Bergen at the same 
time, it proceeds southward through the North Sea, arriving 
at Aberdeen in 37 hours, and the mouth of the Thames in 49 
hours, from the time it left the antipodes. Lines connecting 
any two places on the opposite shores of a sea or ocean having 
high tide at the same time are termed co-tidal lines, and are 
of great use in navigation. The height of the tidal wave in the 
free expanse of the Pacific does not exceed 2 or 3 feet ; in the 
Atlantic and Indian Oceans 8 or 9 feet ; but in bays and gulfs, 
open at the mouth and narrowing towards the interior — as, for 
example, the Bay of Bengal, Bristol Channel, Solway Firth, and 
Bay of Fundy — it rises to 30, 40, or even 70 feet. Where such 
gulfs terminate in river estuaries, the tide advances up the river 
with great impetuosity and speed, when it is called a Bore. 
Striking cases of this occur in the Severn, Hughly, and Ama- 
zon. At Bristol, the spring tide rises 40 feet, and a bore 
9 feet hi^h rushes up the Severn with its tributaries. In the 
Hughly it is often 25 ft. ; while during the equinoxes, in the 
Amazon, no fewer than five distinct bores are seen pursuing 
each other for 200 miles up the river, with a height of from 
12 to 15 ft. 

2. Wind-waves. — ^When the air is still, or when the wind 
is very gentle, the surface of the ocean is unruffled, and smooth 
as a mirror. But should the wind become a little stronger, a 
certain amount of friction takes place between the atmosphere 
and the ocean, a gentle ripple is generated on the surface of 
the latter, movinj; in the direction of the wind. Should the 
velocity of the wind still further increase, vxives and even bil- 
lows are formed, which may attain to gigantic dimensions. 
The highest waves known to the mariner are found off the 
Cape of Qood Hope and Cape Horn, where they .sometimes 
attain to an altitude of from 30 to 40 ft. Here, as also in the 
Bay of Biscay, large ships may be separated by an interval of 
only a few hundred feet, and yet for an instant wholly .lose 
cigl^t of each other. In the North Sea, owing to the shallow- 
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ness of the water, the height of the waves seldom exceeds 9 
ft. Whatever the strength of the wind, or the height of the 
waves, it is believed that the agitation of the water does not 
penetrate to any great depth; but that the deeper the sea tlie 
greater the velocity of the waves. When we speak of the velo- 
city of waves, we do not mean that the water of which a 
wave is formed moves from one place to another. The water 
oscillates or moves up and down, but does not advance, nor 
has thd wave any transporting power, as may be shown by 
throwing a cork on the surface. During a gale it is indeed 
violently agitated, but makes no headway, its position relative 
to a fixed ooject on land remaining absolutely stationary. Who 
lias not seen the action of the breeze on a field of com or grass, 
and noticed the beautiful undulations, which keep pace with 
the wind, advancing in a few seconds from one extremity of 
the field to the other ? But no one supposes that a single stalk 
lias left its original place. Close to shore, however, when dur- 
ing a tempest the waves dash against the rocks with extreme 
violence, the momentum is so great that inmiense masses of 
stone or concrete, sometimes weighing 40 tons, are torn from 
their position in piers or breakwaters, and carried along several 
feet, or even broken to pieces. 

3. Ocean Cuirents. — On his voyage to distant lands the 
navigator not unfrequently encounters immense rivers of heated 
waters flowing through the comparativelv cool and motionless 
water of the ocean ; while sometimes tne moving stream has 
a much lower temperature than the rest of the sea. These 
are called Ocean Currents, and exist in all the great oceans. 
Sometimes they have a great velocity, are hundreds of miles in 
width, and thousands of feet in depth. Nor are they confined 
to the upper stratum of the ocean, for usually when a warm, 
light surface-current is flowing in one direction, another cur- 
rent of denser and cooler water can be discovered moving in the 
opposite direction along the bed of the sea. By these Counter- 
currents a vast system of oceanic circulation is established over 
the entire globe, somewhat analogous to the circulation of the 
blood in animals by the veins and arteries. Not only are the 
waters of the ocean kept from stagnating by these currents, 
but the climate and terrestrial life (whether animal or vege- 
table) of the continents are powerfully modified by them. The 
causes of these vast movements are mainly three — viz., heat, 
gravitation, and the action of the winds blowing incessantly 
m the same direction. In regard to heat and gravitation, 
it is only necessary to remark that the rays of the sun in 
tropical and temperate regions raise the temperature of the 
fiunace- waters, expand them, cause them to ascend and flow 
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away to a cooler region, their place becoming occupied by 
colder water coming from beneath. On the other hand, the high 
temperature of the tropics greatly promotes evaporation — a 
process by which the surface-water is converted into aqueous 
vapour. It is only fresh water, however, that thus passes into 
the gaseous form, and therefore the longer evaporation proceeds, 
the Salter becomes the remainder of the surface-water, it there- 
fore becomes denser or heavier, and must consequently descend, in 
order to maintain the necessary equilibrium, its place becoming 
occupied by fresher water from beneath. As the former action 
produced two horizontal currents, one on the surface, and the 
other along the sea-bottom, so this produces two vertical cur- 
rents, one from the surface, downwards, and the other from 
below, upwards. By referring to the article "Trade-winds" 
(p. 77), it will be seen that these unvarying winds prevail on 
both sides of the equator to a little beyond either tropic, and 
that their direction is towards the west, or contrary to that of the 
earth's rotation. Their action on the water being constant, they 
generate a surface-current of the ocean in their own direction, 
forming what is called the Equatorial current, which, in each of 
the three great oceans, flows in a westerly direction with a breadth 
of nearly 50^. On reaching the eastern shores of either of the 
great continents, the Equatorial current separates into two 
branches, one going northward and the other southward. Let 
it be further borne in mind that there is a vast difference be- 
tween the temperatures of polar and equatorial seas — that the 
cold waters of the former, being the heavier, tend constantly to 
flow into the warmer waters of the latter, while these in return, 
being thus displaced, flow away as surface-currents to the poles. 
The polar and return currents, were they acted upon by no 
external force, would move in the line of tne meridians. They 
are deflected, however, from this course, by the increasing 
action of the earth's rotation. Thus the polar currents (t.^., cur- 
rents from the N. or S. pole), as they advance, tend more and 
more towards the wesU ana the return or warm currents, towards 
the east But these directions are modified by the forms of the 
continents, and the prevailing character of the winds which they 
encounter on their way. It is a useful rule to remember that 
all currents, owing to the rotation of the earth, tend to their' 
own right. For a description of the individual currents, see 
below, under the different oceans. 

The AtlanUo Ocean deserves the first place, for though less than 
half the size of the Pacific, it is the best known to Europeans ; and 
of all the great waters of the globe it has always been the most 
important, as that on whose shoi*es and gulfs the greater number of 
the civilised nations of the earth have taken up thek abode. It 
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occupies a huge, angulsr, canal-ahsped basin, wliose sides are tiearlj 
parallel to each other — the projectiona of the one side staoding 
opposite to the indentations of the other ; extends from N. te S. 
about eOOO miles ; separates the Old World, on the east side, from 
the Nev on the west ; and connects the Arctic with the Antarctic 
Ocean. It varies ereatlj in breadth in difie rent parts, being 4100 
miles between ilie shores of Marocco and the Isthmus of Florida ; 
1700 miles between Brazil and Sierra Leone ; and 900 miles between 
Greenland and the coast of Norwa;^, The area is estimated at 
36,000,000 square miles, or nearly half the area of the Pacific. It 
is distinguished from all the other oceans by the fewness of its islands, 
b; the great number of seas and gulfs which it projects into the con- 
tinents that confine its waters, and by the vast extent of land wllich 
is drained by the rirers tliat flow into it. Its land basin is calculated 
at 19 million sq. miles, or more than double the area dmined by tho 
Pacific, though the Atlantic itself is not half the size of the latter. 
Owing to the marginal position of the Andes and Eocky Mts., it is 
calculated that about six-sevenths of the entire drainage of both 
Americas find their way to t!ia Atlantic ; while from Europe it receives 
every important river except the Volga, end from Africa all except 
the Zamliez4 Putting aside the older soundings as utterly un- 
trustworthy, its average aepth, as ascertained by theChallenger Expe- 
dition of 1872-76, is about 3500 fatlioma, or 15,000 ft. In the North 
Atlantic it rarely exceeds 2000 fathoms, thou|^, near St Thomas, one 
sounding of 3S75 fathoms was obtained, while in another part the 




Challenger found a depth of 391 S fathoms, or S3, GOO ft., which is 
nov to be regarded as the greatest Itnown depth of this ocean. A sub- 
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marine plateau mns K. and S. near the middle, with an avers^^a 
depth of water of less than 2000 fathoms ; but on either side of it, 
and S. of the equator, it generally exceeds 8000 fathoms. Of this 
plateau the Azores may be re^uded as the culmination and centre, 
for it extends from the tropic of Cancer to lat. 50** K., where it 
joins the so-called " Telegraphic Plateau,*' which extends from the 
coast of Ireland to that of Newfoundland, and on which are laid 
the submaiine cables connecting the European and American conti- 
nents. The temperatore of the water at 2000 fathoms deep is uni- 
formly 85" Fahr. But in the S.W. Atlantic, owing to a tongue of 
cold water from the Antarctic Seas, the bottom temperature varies 
from 81" to 884* Fahr. 

The principal BnuMdies of the Atlantic are the Baltic, the North 
Sea, the Iri^ Sea, the English Channel, the Bay of Biscay, the 
Mediterranean, and the Gulf of Guinea^ on the east side ; and Hud- 
son Bay, Gulf of St Lawrence, Gulf of Mexico, and the Caribbean 
Sea, on the west. The principal iBlands and AreUpelagoa are 
Iceland, the British Isles, Azores, Madeira, Canary and Cape Yerd 
Isles, near its eastern shores ; and Newfoundland, Cape Breton, 
Bermudas, Bahamas, Antilles, and the Falkland Isles, near its 
western. Its chief Affluents from the Old World are the Neva, 
Rhine, Loire, Tagus, Rhone, Po, Danube, and Don ; Nile, Senegal, 
Niger, Congo, and Orange : and from the New World the St Law- 
rence, Mississippi, and Rio Grande del Norte ; the Orinoco, Amazon, 
and Rio de la Plata. Among its principal Cnzrents are the Equa- 
torial current, which flows from the Gulf of Guinea (under the influ- 
ence of the constant trade-winds) to Cape St Roque, the N.E. angle of 
S. America, where it is divided into two branches — the one called 
the Brazilian current, flowing southward, and the other north-west- 
ward to the Caribbean Sea, with a velocity of 18 miles per day at 
the surface, but at the bottom (which, according to Captain Nares, is 
60 fathoms deep), at only half that velocity, its surface being about 
75" Fahr. ; and the far more celebrated Gulf Stream, which, leaving 
the G. of Mexico, flows through the Str. of Florida with an average 
velocity of 48 miles a-day, and a mean temperature of 81"* Falir. 
"After having run 3000 miles towards the north, it still preserves, 
even in winter, the heat of summer. With this temperature it 
crosses the 40th degree of north latitude, and there overflowing its 
liquid banks, it spreads itself out for thousands of square leagues 
over the cold waters around, and covers the ocean with a mantle of 
warmth that serves so much to mitigate in Europe the rigours of 
winter. Moving now more slowly, but dispensing its genial in- 
fluences more freely, it finally meets the British Islands. By tliese 
it is divided, one part going into the polar basin of Spitzbergen, the 
other entering the Bay of Biscay, but each with a warmth consider- 
ablv above the ocean temperature." The Trade-winds blow regu- 
larly in its intertropical regions ; but beyond these limits the winds 
are variable. Thus we see that the waters of the Atlantic between 
the equator and the 40th parallel are kept in a perpetual whirlpool, 
the circumference of whicn cannot be less than from eleven to twelve 
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thousand miles. In the centre of this revolving current there is a 
mass of nearly stagnant water, covered hy dense masses of an ever- 
green sea-weed called Fucus natans, which made so lively an ini- 
])ression on the mind of Columbus and his crew when about to 
discover America in 1492. 

The Padflc Ocean separates America on the east from Asia, Ma- 
laysia, and Australia on the west ; and is by far the grandest expanse 
of water on the globe, having an area estimated at 72,000,000 square 
miles, or equal to one-half the entire waters of the globe. Unlike 
the Atlantic, of which it is fully double the size, its greatest length 
is from E. to W. along the equator — a direction in which it extends 
175% or upwards of 12,000 miles, reckoning from the coast of 
Peru to the Malay peninsula. Its greatest breadth, between Behring 
Strait and the Antarctic Circle, is 9000 miles, corresponding with 
the extreme length of the Atlantic. In sliape, the Pacific is some- 
what oval, being widest in the middle, broadly open at the south, 
but nearly closed at the north, where the opposite shores are only 36 
miles apart. Its extent, compact form, and the direction of its greatest 
elongation, make it the counterpaii; of Asia-Europe, the dominant 
mass of land on the globe. The gi'eatest depth recorded by the Chal- 
lenger Expedition, in 1875, was north of Papua, lat. 11° 23' N., Ion. 
143* 16' E., where they found 4575 fathoms, or 27,450 ft., being 
upwards of five miles. This is, therefore, the greatest depth of the sea, 
as presently known to science. The depth increases slowly from 
south to north, the mean difiference between the depth of the South 
Pacific and that of the North being perhaps as much as 1000 
fiithoms — ^the average depth of the latter being about 8000 fathoms. 
This expedition also ascertained that at the depth of 500 fathoms the 
temperatOTO is uniformly about 45" Fahr., while below that depth it 
falls to 37", 36", 34°, and sometimes even to 32". The Pacific Ocean 
was unknown to Europeans till the year 1513, when it was discovered 
by Yasco Nunez de Bilbao, from the summit of a mountain near the 
Isthmus of Panama. Magalhaens, who sailed from America to the 
Philippine Islands, in 1521, bestowed on it the name of Pacific, in 
consequence of the calm and delightful weather he experienced while 
navigating its surface. 

The coast-line on the American side, though bold, is very little 
indented by the ocean, the principal Inlets and Branches being, 
Behring Sea, or the Sea of Kamtschatka, the Gulf of California, and 
Bay of Panama ; while of those on its western side the chief are, the 
Sea of Okhotsk, Sea of Japan, Yellow Sea, China Sea, and Gulf of 
Slam, with the Gulf of Carpentaria in Australia. This ocean is 
especially characterised by the immense number of Archipelagos — 
many of which are of volcanic, and others of submarine coral forma- 
tion — that are scattered over its surface, especially in its western and 
central parts. North of the Tropic of Cancer the principal ffroui>s 
are, the Japan Isles, Kurile Isles, Aleutian Isles, Queen Charlotte's 
Island, and Vancouver Island. South of the Tropic of Cancer, and 
proceeding from W. to E., we find Malaysia, or the Malay Archipel- 
ago, the Ladrones, Caroline Isles, Marshall Archipelago, Sandwich 
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Isles, and the Galapagos Islands near the South American coast. 
Then returning westward, we come to the Marquesas, Low Archipel- 
ago, Society Islands, Hervej or Cook's Islands, Navigators* Islands^ 
Friendly Islands, Fyi Islands, Queen Charlotte's Islands, Salomon 
Isles, New Hebrides, New Caledonia, and New Zealand. Its chief 
Affluents from the Old World are, the Amour, Hoang-Ho, Tangtse, 
Cambodia, Meinam ; and from the New World, the Fraser, Columbia^ 
and Colorado. The principal Current of this ocean is called the 
Equatorial current, which, originating in the Antarctic Drift cur- 
rent, flows N. along the western shores of South America (where it 
is called Humboldt's current), to the coast of Peru, and then W. 
through the Pacific in two branches, one north of the equator, and 
the other south of it, with a warm current, known as the "counter- 
equatorial," flowing between them, in the opposite direction. It 
travels at the rate of two or three miles per hour, and occupies the 
entire space between the tropics, producing a genial coolness, where 
otherwise the heat would be almost insupportable. Opposite Lima, 
on the Peruvian coast, its temperature is 14" below that of the neigh- 
bouring ocean ; and even at Payta, which is 7 degrees further N., it 
is 10** degrees colder than the sea in its vicinity. The northern 
branch advances unbroken to the Philippine Islands, where it divides, 
the principal part turning N. and forming the warm, powerful 
Japanese or Kuro Sivo current, which is perfectly analogous to the 
Gulf Stream of the Atlantic ; south of the Aleutian Isles, it is de- 
flected eastward to the North American coast, and re-enters the Equa- 
torial current. The southern branch of the Equatorial current turns 
southward and forms the New Zealand and Australian currents, 
which ultimately unite, and finally reunite with the Antarctic Drift 
current. 

Tlie ladlan Ocean separates Malaysia, Australia, and Tasmania, 
on the east, from Arabia and Afiica on the west ; its northern 
boundary is formed by the shores of India and Biluchistan, and its 
southern, by the Antarctic Circle. Its shape would have approxi- 
mated to an equilateral triangle, had not Asia projected its hugest 
peninsula into its apex, and given it a very irregular form. Extend- 
ing from a little beyond the Tropic of Cancer to the Antarctic Circle, 
its greatest length is 90*", or about 6000 miles ; while its extreme 
breadth, from Cape Agulhas to Tasmania, is expressed by the same 
number. The area is generally estimated at 25,000,000 square miles, 
or 20,000,000 when its southern boundary is formed by a line con- 
necting South Cape, in Tasmania, with Cape Agulhas in Africa. The 
greatest depth hitherto discovered is E. of Ceylon, where in Ion. 85** 
it is 2340 fathoms, but occasional soundings in the south-western 
part indicate depths equal to the maximum of the Atlantic. 

In proportion to its magnitude it equals even the Atlantic, as 
to the number and extent of the Bran^es which it sends into the 
land, especially on its northern frontier. The principal of these are 
the Bay of Bengal, the Arabian Sea — with its members, the Gulf 
of Kachh, Gulf of Oman, and the Persian Gulf — the Gulf of Adea 
with the Red Sea, the Channel of Mozambique, Encounter Bay, St 
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Tincent Gulf, Spencer Gulf, and the Great Australian Bight, in Aus- 
tralia. The only Islands of considerable magnitude are Madagascar 
and Ceylon ; but smaller islands and archipelagos are numerous, as 
Bourbon, Mauritius, Comoro, Amirantes, Seychelles, Socotra ; the 
Laccadive, Maldive, and Chagos archipelagos ; Rodrigues ; the An- 
daman, Nicobar, and Mergui archipelagos ; Keeling Islands ; St 
Paul and Amsterdam ; Eerguelen or Desolation Island, &c. Its 
larger AfHuents are nearly all from the Asiatic continent, as 
the Irawadi, Brahmaputra, Ganges, Mahanadi, Godaveri, Krishna, 
Tapti, Nerbudda, Indus, and Euphrates ; together with the Zambeze 
from Africa, and the Murray from Australia. The Equatorial cur- 
rent of this ocean flows westward from the Indian Archipelago and 
Australia, to the east coast of Africa. On reaching Madagascar, it is 
divided by that island into two branches, one of which, called the 
Mozambique current, flows southward between Madagascar and the 
mainland, while the other flows in a more direct course on the east 
side of the island ; then having united to form the Agulhas current, 
it puraues a south-westerly direction, till it arrives olf the Cape 
of Good Hope, where a small part shoots northward into the Atlantic, 
but the main stream is deflected eastwai*d by the Agulhas Bank (here 
200 miles broad) and by the Antarctic Drift current, when, forming 
the Retrograde current of the Indian Ocean, it travels at the rate of 
50 miles a-day, and is of immense importance to ships bound for 
Australia. 

The Arctic Oceaji, or north polar bas^'n, is bounded in general by 
the northern shores of JEurope, Asia, and America, all of which re- 
markably conform to the parallel of 72**, and hence its form is nearly 
circular, and its usual breadth 2500 miles. In other directions it is 
bounded by the Arctic Circle, which separates it from the Atlantic 
and Pacific Oceans, and forms the noithem limit of sunshine in 
winter. Its greatest length from Behring Strait to that point on 
the Norwegian coast at which the Arctic Circle cuts the land — that 
is, along tne meridian of 124'' ^- — is 3240 miles ; and the total area 
is estimated at 5,000,000 square miles. Except on the Atlantic 
side, the waters of this ocean are virtually land-locked, the outlet 
by Behring Strait being only 36 miles wide, with a maximum depth 
of 25 fathoms. Numerous attempts have been made to reach the 
Pole, but as yet all have proved unsuccessful. The latest was by the 
British Expedition under Captain Nares, which returned to England 
in October 1876. Captain Nares, proceeding up Davis S.trait and 
Smith Sound, penetrated as far as 83" 20', being 20 miles beyond 
the furthest point hitherto attained, and only 400 miles from the Pole. 
Instead of finding an open sea, his progress was checked by a huge 
barrier of ice of between 80 and 120 ft. in thickness. The dep& 
of water here was 72 fathoms, and the lowest winter temperature 
72* below zero. TJie summer is very short, but warm and geniaL 
Vegetable and animal life exists sparingly as far north as lat. 83% 
where it seems to terminate. In lat. 82** a few musk-oxen, hares, 
and ptarmigans were found (see above, "Day and Night," p. 30). 
The long-sought North -West Passage — that is to say, a navigabla 
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passage from European countries to China, along the northern coast 
of America — was at last, after innumerable unsuccessful efibrts con- 
tinued for two centuries, effected by Captain Maclure, who, in 1856, 
achieved the hazardous task by sailing out of the Pacific through 
Behring Strait ; then, turning eastward, pursued his course along the 
coast till he came to Cape Bathurst, at the entrance to Coronation 
Gulf ; then northward, along the west coast of Banks Land to Mel- 
ville Sound, which he entered ; and continuing his dangerous voy- 
age eastward to Baffin Bay and Davis Strait, he finally entered the 
Atlantic. It now appears, however, that the honour of the discovery 
is really due to Sir John Fi*anklin, who left England in search of 
a north-west passage in 1845, but who perished with all his crew 
in 1847. Notwithstanding the success of this brilliant exploit, the 
route thus discovered is all but absolutely impracticable, and cau 
never be of any avail in a commercial point of view. 

The princinal Branches of the Arctic Ocean are, the White Sen, 
in Europe ; tne Gulfs of Kara, Obi, and Yenisei, in Asia ; Behring 
Strait, between Asia antl the New World ; and Coronation Gulf, 
Melville Sound, Barrow Strait, Lancaster Sound, and Baffin Bay, in 
North America. The RiTers that find their way into this ocean are, 
for the most part, of great magnitude. Having their sources as far 
south as the 50th parallel in &th hemisphei*es, they drain an area 
fully equal to that of the ocean which they enter, or considerably 
more than that of the continent of Europe. I'he chief of those from 
the Old World are the Dwina, Petchoi-a, Obi, Yenisei, Lena, and 
Kiilyma ; and from the New World, the Colville, Mackenzie, and 
Copi)ermine, The northward direction of these rivers imparts a 
striking peculiarity to the annual thawing of their waters. As their 
upper courses belong to more temperate latitudes than their lower, 
the former are melted by the heat of the sun at an earlier date than 
the latter, and discharge their liberated contents into the valleys and 
estuaries below, which, being thus inundated by waters of a com- 
paratively elevated temperature, sjieedily give way in turn ; and thus, 
m a comparatively brief period, the entire ocean is covered with an 
immense volume of fresh water of more than 32** of temperature, 
which now becomes the prime mover of that ocean cnrrent that, 
every summer, drifts the polar ice into the Atlantic. Another cause, 
however, co-operates in producing this phenomenon. The north- 
east branch of the Gulf Stream from the Atlantic enters the Arctic 
Ocean between Norway on the one side, and Iceland and Spitzbergen 
on the other. Doubling the North Cape, it flows eastward, close to 
the shores of Lapland and Siberia, the rigorous climate of which it 
materially softens. Arriving at Behring Strait, it is greatly increased 
in volume and force by the Japan current from the racific, and now 
pursuing its circuitous journey, it eventually arrives at Banks Land 
and the Parry Islands. The IsUuids of this ocean are but imperfectly 
known. They are for the most part uninhabited, and are important 
only as the temporary abodes of the whale, seal, and walrus nunter. 
The principal groups are the following: Spitzbergen, Novaia Zemlia, 
Franz Joseph Land, and New Sibena, between the Pole and the 



CONFIGURATION OP THE SURFACE. G3 

eastern continent ; and the preat North American Archipelago (the 
chief members of which are the Parry Islands, Banks Land, North 
Somerset, Cockburn Island, Cumberland Island, Comwallis Island, 
North Devon, Ellesmere, Grinnell Land, Grant's Land) and Green- 
land, which ia now known to be an island, its N.W. comer being in 
lat. 82' 54', Ion. 48° 33' W. 

The Antarctic Ocean is far less accurately knoiKTi to geographers 
than any of the other great oceanic basins, the cold being more in- 
tense, the winds and seas more boisterous, and the ice extending at 
least 10** nearer the equator than in the Arctic basin. The hi^est 
latitude yet attained in this ocean was reached by Sir James Koss, 
who, in 1841, penetrated to lat. 78° 16', or within 705 nautical miles 
of the South Pole. In this latitude, and from the southernmost acces- 
sible point of Victoria Land, ** an unbroken vertical cliff of ice, of 
about 1000 ft. in thickness, and floating in 280 fathoms of water, 
extends eastward for 450 miles. " Other navigators, in approaching 
the Pole from other directions, have encountered similar obstructions 
at considerably lower latitudes, as Adelie Land, S. of Australia; 
Enderby Land, S. of Madagascar ; and South Shetland, S. of Cape 
Horn. Probably, therefore, almost the entire area embraced by the 
Antarctic Circle is occupied by a continent which is nearly circular 
in form, and more than twice the size of Australia ; which is covered 
by eternal snows, and wholly devoid of vegetation ; the shores of 
which are yarded by gigantic volcanoes, or by impenetrable barriers 
of ice ; and whose m tenor has never been trodden by the foot of 
man. One of these volcanoes, named Mount Erebus, was found by 
Kir James Ross to be 12,400 feet above the level of the sea, and in a 
state of constant activity ; while Mount Terror, an extinct volcano, 
lias an altitude of 9000 ieet. Depth. — The Antarctic Ocean is much 
shallower than either the Pacific or Atlantic, though considerably 
deeper than the Arctic. The greatest depth obtained by the Chal- 
lenger, in February 1874, south of Termination Land and within the 
Antarctic Circle, was 1975 fathoms, or 11,850 ft., being the deepest 
sounding she had made since leaving the Cape of Good Hope. Capt. 
Kares found at lat. 64° S. the mean temperature of the air in February 
to be 81° 5'— a colder climate than is found in August in the Arctic 
seas, even at lat. 74° N. The Challenger entered the pack-ice in 
lat. 65° 80' S. At Ion. 70° 49' E. the surface-water was always about 
28°. 5 Fahr. (just warm enough to melt salt-water ice very slowly), 
while, at a short distance from the pack, it was found to be 82°. At 
the depth of 40 fathoms it was 29°, at which it remained constant to 
about 800 fathoms ; below this the temperature rose to 88° or 84°. 
Unfortunately the bottom temperature was not ascertained, but Dr 
Carpenter believes it must be about 29°. Numerous voyagers testify 
that S. of the 50th parallel icebergs, scattered more or less, mav be 
constantly fallen in with during the southern summer. Unlike those 
of the Arctic seas, which present so many fantastic shapes, these 
icebergs are v^ry tame, nearly all presenting the same table-topped 
appearance, and divested of all coloured ornaments. In this ocean 
originate several of the grand ocean cnrrents which so powerfully 
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modify the temperature of the continents. One such stream of in- 
tensely cold water, bearing the name of the Antai*ctic Drift current, 
proceeds northwards along the shores of Chili and Peru, then west- 
wards through the Pacific and Indian Oceans under the name of the 
Equatorial current, and finally enters the Atlantic as the Agulhas 
current The barometrlo preBBore in this ocean is abnormally low 
throughout the year, with x>erhaps a slight tendency to an increase in 
July. Sir James Ross determined the position of the Soath Ka^- 
netlo Pole to be within the limits of South Victoria Laud — viz., in 
lat 76'' 6' S., and Ion. 146° 8' E. 

Inland Seas. — Each of the oceans has its own system of 
inland seas, or projections of its members into the different 
continents. The principal of these are enumerated above under 
the resnective oceans to which they belong. The Atlantic ia 
especially characterised by its inland seas, or by seas lying 
within the general figure of the continents that confine its 
waters. Two of these, the Mediterranean and the Gulf of 
Mexico, are situated in warm reo^ions ; while other two, the 
Baltic and Hudson Seas, are in colder latitudes. Of other in- 
land seas, the most interesting to us are the Red Sea, a branch 
of the Indian Ocean, and the Caspian, which is in reality a 
salt-water lake. 

The Baltic, situated between Sweden and Russia, area 160,000 sq. m., 
depth nowhere exceeding 1100 ft. ; hence, were the north of Europe to 
rise about 1000 ft., the Baltic would disappear. Its basin, which em- 
braces one-fifth of the continent, is characterised by a greater snowfall 
than any other inhabited region. The amount of fresh water received 
by rain and rivers is very great, as compared with its loss by evaporation. 
The Baltic, accordingly, is greatly fresner than the ocean ; the Gulf of 
Bothnia contains only .004 per cent of salt ; but in the Baltic proper, 
the degree of salinity, near the bottom, is much greater. A surface cur- 
rent of brackish water flows outwards through the Sound, while an under 
current of Salter and therefore heavier water from the Atlantic flows in- 
wards. Average temperature of suri^ace 45' in the S., but in the N. 
about 35^ The tides are inappreciable. 

Mediterranean. — A large inland sea between Europe and Africa ; area, 
without including the Black Sea, 970,000 sq. m. ; average depth 1200 
fathoms, but 2000 fathoms in the E., and in the Str. of Gibraltar the 
maximum depth exceeds 500 fathoms. Average temperature 60' to 70°, 
but S. of Europa Pt., about 71". Tides very slight. Receives an im- 
mense drainage from S. Europe, and from Africa by the Nile ; still its 
waters are salter than those of the Atlantic, being .029 per cent, while 
the Atlantic is .027. The amount of evaporation therefore must exceed 
the supply got from the rivers ; indeed it is estimated that three times 
as much water as it receives from rivers is evaporated from its surface. 
Accordingly it is found that an immense surface current is constantly 
flowing inward from the Atlantic, while there is an under current 
flowing outwards. Owing to these two currents, the degree of salinity of 
the waters of the Mediterranean remains nearly constant. 
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Black Sea. — Area, including Sea of A20V, 180,000 sq. miles ; lies bet. 
the isotherms of 50° and 60° ; salinity (which varies from 1.012 to 1.014) 
is only half that of the Mediterranean, and is least in spring when the 
rivers are largest. As the rain and river supply is in excess of the eva- 
poration, there is a strong surface outward current through the Bosporus 
and Dardanelles. Depth of former about 50 fathoms. 

Caspian. —The Caspian is the greatest salt-water lake in the world, 
and is doubtless a survival of that great central sea which at no remote 
geological period covered a large part of Northern Asia^ the gradual 
upheaval of land having separatea it from the Black Sea, Sea of Aral, 
and Arctic Ocean. Present area, 180,000 sq. miles ; surface, 83 ft. below 
the level of the Black Sea. Depth varies from 50 ft. in the north, to 
from 2000 to 3000 ft. in the soutL Mean annual temperature from 50° 
to 60° Fahr. Receives the Volga, the largest European river, besides 
five other considerable streams. These exactly counterbalance the eva- 
poration. Salinity very low, not exceeding J tnat of the ocean. 

.Bed Sea. — Area, 180,000 sq. miles ; length, 1490 m.; greatest breadth, 
200 m. ; average depth about 220 fathoms. Since the construction of 
the Suez Canal, connecting it with the Mediterranean, the Red Sea has 
become of immense importance to all civilised nations, as it forms the 
great highway of commerce from Europe to the East. Though its 
northern end is in the temperate, it penetrates far into the torrid zone, 
besides communicating with the hottest ocean on earth. The surface 
temperature varies from 96° to 106° Fahr. The temperature of the air is 
frequently intolerable— the blackened bulb of a thermometer, laid on a 
black board, sometimes rising to 215°, and hence, though it receives no 
rivers, the amount of evaporation is prodigious. A surface current flows in 
through the Str. of Bab-el-Mandeb at the rate of 30 m. a-day, while an 
under current probablv flows outward towards the Indian Ocean, with- 
out which the bed of the sea would, in the course of time, become tilled 
with salt. Its salinity is estimated at .039, or 50 per cent higher than 
the Atlantic, hence it is the saltest known sea in communication with 
the ocean. 

Waters of the Land. — Having thus surveyed the grand 
reservoirs of waters called oceans, we must now glance at the 
waters of the land, and this we shall best accomplish by con- 
sidering springs, rivers, and lakes. 

Springs. — On a subsequent pa^ we shall show that when more 
aqueous vapour enters the atmosphere than it can retain, a poi^on is 
condensed and falls to the surface in the form of rain. This rain 
ultimately finds its way to the ocean, or back to the atmosphere by 
evaporation. This can be put to the test by carefully obsening 
what becomes of the water when a heavy shower of rain falls. The 
first portion is spent in wetting the ground, and at the end of the 
shower this poition evaporates. The major part, however, flows oiT 
in gutters, ditches, and brooks close by ; multitiides of these con- 
verge into rivulets, and find their way to la^er streams and rivers 
which have their natural outlet in the sea. But a very considerable 
portion of the water still remains to be accounted for. By digging 
down a few inches we observe that the rain has penetrated the sou 
to some distance from the surface, the depth depending on the dura- 

E 
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titm of the ehower, its copIoaBuees, and the mete or less compact 
nature of the boU. This portion irrigates the ground, moiatena the 
roots of plants, and hy the carbonic acid which it carries with it out 
of the atmoaphere, acts cheraicaUy on the soil, and fertilises it 
Should the rain continue to fall heavily and coutinuously for days, 
and ahould the soil be porous, the rain will make ita way to a con- 
uderable depth, and probably cirtend to the permansntly wet subsoil. 
By eiCBTBtinif deeper, we shall discover that any further moistnre 
penetrating the soil either ainka through the rock, if of a sandy or 
porous nature (like sandstone or chalk), or, encountering; a harder 
rock or bed of clay, it will ooze along in a more or less horizontal direc- 
tion until it finds a crack or fissure by means of which it CAn arrive 
at a subterranean cavem, or aome other lower level, and ultiniately 
reappear at the surface, in a valley or on the aea-shore, in the form 
of s well or spkinq, which may he situated miles away from the 
place at which the rain descended. Should the scene of our eipCTi- 
ment belong to a region characterised by a tolerably constant raln- 
&11, the spring will be permanent tliroughont the year ; but if the 
lainfoll is periodic, the spring will in like manner be penodic or in- 
tennittenL 
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The true character of an Intermittent Spring will be evident from the 
accompanying diagram. A is an interior cavem into which amall triba- 
taiy channels, abed, empty themselves, and which ia drained into the 
valley hy a siphon-lifee passue. The water acoumulatas In the cavem 
till it attains the level B C, for there only does it rise to the highest 
point of the siphon. Having begun to flow, the dischar^ will continue 
nntil the water sinks to D B, the mouth of the siphon, below which 
it oannot fall, as now the air geta into the siphon. The spring will 
then cease to Sow until the water reascenda to B C » -= 
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Biyen are of vast importance in nature. Wliat drains and gutters 
ai'e to the roads and streets, and ditches to the low-lying fields, riyera 
are to the country at large. They coUect the surplus rainfall not 
required by the soil, and transport it again to the ocean, which is 
the great reservoir or tank into which all the waters discharge them- 
selves (see ** Spriugs," p. 65). Rivers are majestic trees that have their 
roots fixed in the ocean, and their tops reaching the clouds ; the 
great cities of the world hang around their stems ; while the towns 
and villages cluster like fruit on their branches. Till very recently, 
when the canal and railroad have to some extent supplied their 
place, rivers have in all ages formed the great Mghways of commerce. 
In every land their banks present the most fertile portions of the 
country, as the valleys of the Tigris, Euphrates, and Nile ; and have 
formed the earliest seats of civilisation — as, for example, Nineveh, 
Babylon, Heliopolis — the origin of which dates back to the dawn 
of history. Rivers are fed by snow, rain, glaciers, and especially 
by springs, which are the outflow of rain that has previously sunk 
into the ground through porous strata. From a variety of causes, 
springs are most numerous and copious in mountain regions ; accord- 
ingly rivers find their sources on plateaux and mountains. A rlver- 
iMUEiin is the whole tract of country drained by a river and its tribu- 
taries, while the basin of a lake or ocean includes all the rivers with 
their affluents which discharge themselves into it. The elevated ridge 
which separates one river-basin from another is now denominated by- 
most geographers the water-parting ; whUe the sides of the hills 
sloping down from this ridge towards a river, and from which it 
receives the drainage, is usually named the watershed. The size 
and yolnme of a river depend on the rainfall of the basin, which in 
turn is afiected by the quantity of wood in the valley, and the amount 
of water absorbed by tne vegetation on its banks (see p. 83). The 
volume varies with the seasons, and all rivers are annually liable to 
floods. In tropical countries these are periodical and regular, owing 
to the rains which fall in the mountains where they rise ; while in 
temperate regions, on account of the variability of the seasons, and 
the melting of the snow in the mountains, they are accidental and 
sadden, and consequently very destructive. 

The velocity of a river is in proportion to the inclination of its 
bed, and is greater at the centre and surface than at the bottom and 
sides. The average slope of the bed is 6 inches in the mile, or about 
1 in 880 ; if the slope be 1 in 200, the stream is not navigable. The 
fall, however, is not uniform throughout the whole length of the 
course, being greatest in the upper part, and gradually diminishing, 
untU near the mouth it is almost nothing. 

Action of Bivers. — Rivers are powerful agents in the work of 
erosion, reconstruction, and levelling that is constantly taking place 
on the surface of the earth. As has been already explained, the 
mists and rains on the summits of mountains are the main source of 
nuining water. The drops make the rill, the rills form rivulets, and 
these again unite into torrents which, working with increasing force, 
excavate deep gorges on the mountain-sides. The torrent has its 
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greatest force at the bottom of the steep declivity, and there the 
valley first takes shape and size, the excavation bein^ often very 
deep, though narrow, with sloping and occasionally precipitous sides. 
In the middle and loioer course the stream erodes more at the sides 
than at the bottom, constantly widening the valley, especially during 
freshets, when the velocity and eroding action of the water beccxnes 
immense : indeed two or three centuries of erosion will form gorgta 
in the solid rock hundreds of feet in depth. The wlndiiiga of a 
river, in laige alluvial flats, are greatest where the current is slowest, 
as slight olStacles change its course ; its length between two given 
points being twice or thrice the distance in a direct line. The lenjrth 
of the Mississippi, between the mouth of the Ohio and the GuJbTof 
Mexico, is 1080 miles, the direct distance being only 500 miles. 
Rivers of great volume and power are less easily deflected from their 
once estaUished course, hence their windings are much larger. The 
amount of transportatioiL carried on by rivers is beyond calculation 
—every stream, great and small, being engaged in carrying sediment 
derived from the corrosion of the land surface. It is estimated that 
about ^^^ part of a vertical foot of the basin is the average amount 
of material transported annually by a river. In many instances, 
however, the quantity is far greater than this : for example, the 
Mississippi contributes annually to the Gulf of Mexico detrUuB suf- 
ficient to cover 1 sq. mile to the depth of 268 ft. ; while the material 
borne down by the Ganges to the Bay of Bengal would cover a sq. 
mile to a depth of 228 fL The materials transported consist of 
stones^ sand, and fine earthy matter termed silt, together witii large 
auantities of trees and timber, and sometimes the carcases of animius 
orowned by freshets. The larger rocks and stones are generally left 
in the upper course .of the river, but the smaller are carried down, 
and gradually disappear, being reduced by friction and partial de- 
composition to the nne sand we find on the shore of the ocean into 
which the river discharges itself. 

IMtes. — ^The transported sediment forms about the river^s mouth 
more or less extensive flat plains which, when intersected and sur- 
rounded by water-channels, are termed e2e2toi, from t^eir resemblance 
to the Greek letter A (delta). Deltas occupy low level portions of the 
coast, and occur both in the open ocean and in inland seas. In the 
former, as in the mouths of the Ganges, Orinoco, and Niger, the ebb 
and flow of the tide are always observed, but in the latter there is 
little or no tidal movement, as in the deltas of the Volga, Po, £bro, 
and Misedssippi. The formation of deltas in open oceans is favoured 
by the winds olowing against the current of tne rivers. Again, in 
inland seas, a bar at the estuary of a river favours the deposit of 
sediment behind it, and contributes to the encroachment of me land 
upon the sea, of which the valley of the Euphrates, Holland, and 
Lower Egypt (styled ^Herodotus **the creature of the Nile ") 
are good examples. This addition to the horizontal area of the 
land is, however, ver}' small in comparison to the vertical waste 
effected by the agency of rivers. The head of a delta where it bi- 
furcates is the original mouth, as in the case of the Nile, which in 
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9 entered the MS in the vicinity of the FyTsmidH uf 




NiU Delia. 

VatulUlB. — The iaeqnalitiea in a, rirer's bed occaaiaually aeaume 
the form of deep precipices, down irhich tlie water bounds in im- 
|K>aiiig Oataiact*. The highest of these occur iu Uie upprr courses 
uf rirciB, 93 the celebnited Yosemite Falls, on the Mereed, in Cali- 
fornia, the loftiest in the world — being half a mile higli, or sixteen 
times higher than Hingari, The greatest falls, however, for volume of 
water, occur in the river's middle conrse, as the Victoria Falls, on the 
Zambeze, nnd the Falls of Niagara on the St Lawren<^e, the most mag' 
nificent in the world, being estimated to discharge 100 million tons 
of water per hour. When the current flows over smaller ineqaali- 
ties in the bed, B&pfdB are formed, which greatly interfere with, 
if thej do not entirely obatnict, the navigation of a river, 

Tha Prlndinl Slram of Ule Olobe having heen already enumerated 
under the different oceans, in the following table we give only a 
few of the larger rivers in each continent, with the Thnmes as a 
standard of eomparisou, together with the length of the course and 
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Nile 
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St Lawrence 
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Mississippi 
Rio del Norte 
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Lakes are laige inland sheets of water which occupy natural de- 
pressions of the earth's surface. As drainage agente they play an 
important part in nature, as they are the tanks or reservoirs for stor- 
ing up and distributing gradually the surplus waters. Lakes are 
divided into five classes : — 

1. Lakes of tranamissioTiy or those which both receive and discharge 
rivers, of which they are but expansions. Such lakes are always 
fresh, and form the most numerous and important class. The great 
African and North American lakes are good examples. 

2. Lakes of emission^ or those which discharge, but do not receive 
streams. They are fresh and small, and are fed by rain or by springs 
bursting up in their beds. Such lakes frequently form the sources 
of mighty rivers, as Seligher, in the Valdai Hills, from which the 
Volga issues. 

3. Ldkes of reception, or those which have feeders, but no visible 
outlets. They are generally large, and either salt or brackish, as the 
Caspian, Sea of Aral, Dead Sea,* Gt. Salt Lake, and Lake Balkash, 
most of which are beneath the level of the ocean, and are continually 
becoming Salter, as their waters ai-e mainly lost by evaporation, and 
of course the water only evaporates. + 

4. LaJces which neitlier receive affluents nor have any visible outlet. 
— ^They generally occupy craters of extinct volcanoes, and are very 
small, as Avemo and several others in Italy. 

5. Periodic lakes, which do not essentially differ from intermittent 
fountains, as Zirknitz See, in lUyria, whose waters disapjiear every 
June through subterranean passages. In winter it abounds with fish, 
but in summer i\s bed is dry and regularly cultivated. 

Lakes are very numerous in hi^and regions, where they form 
deep reservoirs in the bosom of the mountains. Such lakes are never 

* The Dead Sea is the lowest, and next to Ttlz-Odl, in Asia Minor, the saltest 
body of water known. No living creature exists in its waters, as they are now a 
lieavy brine, and so buoyant that men bathing In them find themselves floated 
like cork. 

t It now appears, notwithstanding Cameron's discoveiy of the Lnknga, that 
the large firesh-water lake Tanganyika has no outlet (see a. M. Stanley's letter, 
dated UJui, August 7, 1870X 
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of great size, but are long and narrow, and frequently celebrated for 
the grandeur and beauty of their scenery, as those of Scotland, Cum- 
berland, Italy, and Switzerland ; lakes of lowland regions, on the 
other hand, are tame, but are often of great extent, and broad and 
shallow in proportion to their area. Such are the enormous lakes 
of Africa and N. America, and those of Sweden and Russia. The 
Caspian (area 178,866 sq. miles, and 83 feet below the level of the 
sea) is the largest lake in the world ; Lake Superior (area 32,000 s^. 
m. ) the greatest fresh-water one in the New "World ; and the Victoria 
N^anza (nearly its equal in size) the lai^est in the Old ; Tiiz-Giil. in 
Asia Minor, is the saltest known lake ; the Dead Sea (1312 ft below 
the ocean-level) the lowest ; and the Sir-i-Kol (15,600 ft. above the 
ocean-level) the most elevated. North America is pre-eminently the 
continent of lakes — the combined area of the five great Laurentian 
ones amounting to 91,300 sq. m., or more than the area of Britain 
with its adjacent islands. 

Islands. — Islands are sometimes rougUy defined as land sur- 
rounded by water, but they are rather the tops of mountains 
appearing above the sea-level. Though almost countless in 
number, they are believed to form in their aggregate only 
yY part of tne land surface of the globe. By far the sreater 
number are of very small dimensions, while the seven largest 
are Greenland, Borneo, Papua, Madagascar, Sumatra, Niphon, 
Qreat Britain, the largest of which is ^ the size of Europe. 
Islands greatly differ, not only in size, but in position, structure, 
flora, fauna, and many other characteristics — ^a careful study of 
which leads to striking results. They may be divided into two 
classes — continental and oceanic — the latter being subdivided 
into volcanic and coralline. 

Continental Islands are those which are situated near continents : 
of the latter they no doubt once formed an integral part, the separa- 
tion having arisen from a slight depression of the continental margin. 
Not only are the dividing seas exceedingly shallow, but the geologi- 
cal structure of these islands is identical with the mountain-cnains of 
the mainland, and both are characterised by the same varieties of 
plants and animals. Were the bed of the North Sea, for example, 
elevated 300 feet above its present level. Great Britain would a^n 
form part of the mainland of Europe. In Southern Europe, in like 
manner, we find the Balearic Islands connected with Spain, and 
Corsica and Sardinia with Northern Italy. Again, Iceland, and even 
Greenland, apj)ear to have been at one time united to Northern 
Europe. The intervening ocean is shallow, while the plants and 
animals are North European, and not North American. The Japan- 
ese group of islands are, strictly speaking, a part of Asia, as uiey 
conform m direction to the mountain-chains of the mainland. The 
western islands of the Indian Archipelago, Borneo, Sumatra, Java, 
&c., are similarly united to that continent, the depth of the in- 
tervening seas seldom exceeding 300 ft., while all the eastern mem- 
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beis of the Arcliipela^, Papua, Celebes, &c., formed part of the 
Australian continent, from which they are now separated by only 
180 ft. of water, iftie former possess an Asiatic fauna, while the 
latter contain the same marsupial group of animals that characterise 
Australia. Similarly, New Zealand and Norfolk Island belonged 
to Australia, as is evident from the fact that the bones of the 
strange bird, the IHnomis, once common in New Zealand, are found 
in Queensland. Again, Newfoundland was united to Nova Scotia ; 
CvLhn and Hayti to Yucatan ; Trinidad to Yenezuela ; Falkland Isles 
and ChUoe to Patagonia ; and Yancouyer Island to British Columbia. 
AMca is connected with no continental island with the exception of 
Sicily, which was at one time joined to Tunis, for Madagascar ap- 
pears never to have been attached to it, the intervening channel 
oeing very deep, and the &una and flora being quite dissimilar. For 
example, the lemurs of Madagascar are quite mmke the African apes, 
while the now extinct jEpyomis has nowhere been found on uiat 
continent (see *' Extinct Species of Animals"). 

Oceanic ULands are the summits of upheaved mountains. They 
occur in groups and bands, and are more numerous in the Pacific than 
in any other ocean (see p. 25). Omitting New Caledonia and some 
other of the larger islands in the S. W.^ for the most part they stretch 
out, in a S.E. direction, in a line 8000 m. lon^, from the neigh- 
bourhood of Japan to Easter Island, lat. 27* S., Ion. 110' W. — ^the 
most easterly of all the countless islands of this ocean. In contrast 
to continentol islands, these are characterised by an absence of in- 
digenous animals and plants — the former having been invariably 
carried to them either by human agency or by ice, while the latter 
are always closely allied to those of the mainland from which the 
prevailing winds and currents arrive (see under ** Modes of Dissemi- 
nation of Plants and Animals," and ** Volcanic and Coral Islands"). 



v.— THE ATMOSPHERE. 

Many of the phenomena of i)hysical geography are inexplicable 
without some previoos acquaintance with tnat thin, aerial, and 
invisible fluid called the Atmosphere, which envelops the earth 
on all sides, which shares in its diurnal motion, and which 
accompanies it in its annual journey round the sun. 

Composition. — In respect to composition, atmospheric air consists 
almost exclusively of two gaseous, elementary substances, oxygen and 
nitrogen, in the proportion of 21 parts by volume of the former, and 
79 parts of the latter, or, 23 parts by weight of oxygen, and 77 of 
nitrogen. It also contains a little carbonic acid gas, a minute though 
very variable quantity of aqueous vapour, and a trace of ammonia. 
The oxygen and nitrogen are not chemically combined, but exist in 
a state of mixture ; yet their relative proportions remain invariable, 



THE ATUOBPHERE. 



73 



being tlie tame on the aamiDita of tlie highest monntaina as in 
the deepusl receasea of the surface, the same in the country ae in 
the crowded city, and the same in the tropical aa in the frigid 
zones (see p. US). On the contrary, the carbonio acid and vaponr 
of irater vary greatly in quantity in dilTerent localilies, the one being 
afTectcd by loca.1 causes, and the other mainly by changeB of tein- 
peratnre. 

Denattr and PreiEnra of tue Atmosphwe.— Notwithatanding its 
extreme lightness, the air, in common with all other material bodies, 
is affected by the all-pervading law of eravitation, and exerts a 
pressure on the surface of the earth which, can easily be mcosared. 
According to Dr Piout, 100 cubic inches of pare drv air, at 60° of 
temperatare, and the barometer standing at 30 inches, weigh 81 
grains. Now, as 100 cubic inches of distilled water st the same 
temperature weigh 26,2S2 grains, it follows that air is 813.67 timEs 
lighter than water, aQd 10,600 times lighter than mercury. The 
weight on every square inch of surface at the level of the sea gen- 
erally amounts to about 15 lb. avoirdupois (14.7 lb.), being tlie 
same as the weight of a column of water of equal hase, 31 feet high, 
or of a column of mereory 80 inches high. ■ Ine entire weight of the 
atmosphere is, therefore, upwards of fiOOO trillion tons. Supposing 
the surface of a man's body to measure IB square feet, it austnins a 
pressnre of no lesa than fourteen tons. Being a bighlj^ elastic fluid, 
the density and pressure of the atmosphere rapidly diminish as we 
ascend upward, 1000 feat of ascent (near tho surface) 
ronghly corresponding ta t, fall of one inch in \be baro- 
meter ; or, to speak more exactly, Ai the elenalion in- 
enaae* in arUKiatliail progression, the d^nsUy and pres- 
sure decrease in geometrital profession, TTiue, at the 
level of the sea, the pressure on each square inch is 
15 lb., or equal to a column of mercury 30 inches 
high ; at 3.1 miles above the surface the pressure ia 
only 7i lb., or IB inches of mercury; and at 5.8 miles 
of elevation, Sj lb., or 7i inehea of mercury. From 
this the application of the baiometsr {baroi, weight ; 
metron, measure) in ascertaining the heights of moun- 
tains becomes obvioos. 

This instmment ia a alcniler gloas tube ahout a yard in 
lengUi, closed at one end, then filled with mercury and 
inverted, the open end being then placed in a, cup, B, 
of the same fluid. The atmosphere, pressing npon the 
fluid in the cap, anstaina within the tube a colnmn of 
mercnry exactly aufficient to balance its own weight. At 
the level of the sea, this column, measured by a scale 
A C attached to the instrument, is about 29 or 30 inches 
In hright. If, now, we carry the inatrunitnt with us to 
the summit of a mountain, tbe he^bt of which we wish Barvmittr. 
to ascertain, and find the mercury in the tube only 16 
inches high, then ve know that the mountain is 3.4 miles, or 17,052 ft. 
in height— the height of Mount Demavend. Another way of determining 

theh^ght of a mount^n is bw tb* I'hfrvnfAnfttr — iH?.. hv nbfurvintr the 
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degree of temperature at which water hoils at the summit. At the level 
of the sea, pure water boiln at 212" Fahr., but at Quito, in South America, 
which is known to be at an elevation of 9543 ft, water boils at 194*", or 
IS** lower. From this we obtain the convenient rule that the boiling- 
point of pure water is lowered 1" Fahr. for every 630 feet of ascent. 
The barometer is also of incalculable value to the mariner when sailing 
over the wide ocean, where he encounters climates altogether new to 
him. If there is observed a great and sudden fall in the mercury, the 
vigilant captain knows that a tempest is close at hand, and hence he 
instantly furls the sails, and avoids the fate which would otherwise be 
inevitable. To the husbandman it is also of signal service in foretelling 
sudden changes of weather. By long and careful watching, he can form 
a reliable estimate in the morning whether the day is to be calm or 
windy, fair or rainy. 

Height of tbe Atmosphere. — Many reaaons combine to induce the 
belief that the atmosphere does not extend to an indefinite height. 
Until lately it was supposed that it terminates at an altitude of from 
45 to 50 miles, but from recent researches on luminous meteors, which 
become visible only when they penetrate the atmosphere^ the absolute 
height cannot be less than 120 miles, and it may extend even to 
200 miles, or ^ of the earth*s radius. Mr Glaisher, the celebrated 
English aeronaut, succeeded, in 1863, in ascending in a balloon to 
a height of 36,670 ft., or nearly 7 Ens. miles. Its height is different 
in different latitudes, being considerably greater between the tropics 
than within the polar circles. This is owing partly to the greater 
centrifugal force that exists in the equatorial tnan in the polar re- 
gions (caused by the rotation of the earth on its axis), and partly to 
the high temperature of the earth's surface in low latitudes, which 
causes the air in contact with it to expand at the rate of ^^y of its 
volume at 32° Fahr. for every increase of l"*. Sir James Boss observed 
that, in South Victoria Land, lat. 78°, the barometric pressure rarely 
exceeded 29 inches, whereas in the torrid zone it averages about 80. 

Temperature of the Atmosphere. — When ascending the side of 
a mountain-chain, the traveller feels the cold increasing perceptibly 
in proportion tu his elevation ; and should the chain be sufficiently 
lofty, he will find the summit covered with perennial snow. If the 
ascent is made within the tropics, the difference of temperature arising 
from elevation is beautifully represented to the eye by a correspond- 
ing succession of climatic zones, each of which is occupied by a fauna 
and flora peculiar to itself^ but quite analogous to the succession of 
zones, with their respective faunas and floras, that is traversed when 
proceeding from the equator to either pole. This beautiful pheno- 
menon, of which the Andes and Himalaya afford the most striking 
examples, depends on the fact that any change in the density of the 
atmosphere is uniformly accompanied by a corresponding change in 
its temperature. When a gaseous body expands, a portion of its 
heat becomes latent, and the amount of heat required to raise it to 
any given temperature increases the more the eas expands. If there 
be no source of heat from which this additional quantity can be 
obtained, the gas will cool during expansion, by a portion of its free 
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heat becoming latent Generally speaking, the thermometer sinks 
1** Fahr, for every 333 ft. of elevation for the first mile above the 
surface, but the rate is influenced by many causes, such as dryness, 
moisture, currents, &c. For higher elevations no regular law has 
been ascertained. 

Thermometers. — Variations of temperature are measured by an 
instrument called the thermometer (^Am/i«, heat ; metron, a measure), 
in which advantage is taken of the fact that heat expands all bodies. 
Solid bodies, however, expand too little to be of use in measuring 
ordinary changes of temperature, and gases too much : hence liqui£ 
are employed in thermometers. Of these, mercury is practically the 
best adapted for this purpose, as there is a considerable range of tem- 
perature between its freezing and boiling points : the former taking 
place at 40° below zero, and the latter at 662° above it. This is the 
only metal (except, possibly, caesium and gallium) found liquid at 
ordinary temperatures. For very low 
temperatures alcohol is used, as it does 
not freeze, but air is employed in very 
delicate experiments. 

The instrument most commonly used in 
this country is named after Fahrenheit, a 
German who invented it in 1726. He 
took a long narrow glass tube with a bulb 
at the extremity, and nearly filled it with 
mercury ; then heated the bulb, causing the 
mercury to expand till it began to over- 
flow, then melted the glass at the top of 
the tube by means of a blowpipe, and her- 
metically sealed it. He next jproceeded 
to graduate the instrument by plunging it 
into a mixture of pounded ice and salt, the 
greatest artificial cold then known. The 
point at which the surface of the mercury 
then stood he marked zero. He next placed 
the instrument in the steam of boiling 
water, and marked the point at which the 

mercury now stood. The space between these two fixed points he divided 
into 212 equal parts, and found that water freezes at ^2°, and boils at 
212°, being an interval of 180°. The great defect of this instrument is 
that it does not adopt the freezing-point of water as its zero, as is done 
by Reaumur's thermometer and the Centigrade. The former, which is 
used in Russia and Sweden, divides the interval between freezing and 
boiling water into 80 equal parts ; and the latter (which is in common use 
on the Continent) into 100 parts. In comparing the three thermometers, 
we have only to observe that the same space is divided by Fahr. into 180°, 
by the Cent into 100°, and by Reaumur into 80°; the three numbers 
being as 9, 6, 4. Hence, to convert Fahr.'s scale into either of the 
others, care must be taken first to deduct the 32° which the other two 
have not in common with it. Thus, if we wish to find how 120° of Fahr. 
woidd be expressed on the C. scale, we proceed thus : — 
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If, agaiii, we wish to conrert 100* G. into Fahr. scale, the operation will 
be the following:— 

y^ = ?^ = 180^ Then 180+82 = 212° Fahr. 
o 

Motions of file Atmosidiere : Winds. — When the air is pnt in 
motion by any cause, a wind is produced ; and no causes so power- 
fully contribute to such motion as local changes of temperatare and 
pressure, arising from the unequal degree in which portions of the 
earth's surface are heated by the solar rays. In order to obtain a 
clear notion of the nature and direction of winds, it will be necessary 
to leave out of view, for the time, the yarious inequalities of the 
earth's surface, and to regard it as uniformly sphericaL In tropical 
regions, where the sun is always vertical at noon, his rays fall per- 
pendicularly on the surface, and consequently with a far greater 
heating power than if they came down slantingly, as in the temper- 
ate and frigid zones. The heated surface communicates its own tem- 
perature to the stratum of air in contact with it, causing the latter to 
expand, and, with a diminished density, to ascend through a higher 
stratum, supported by which it flows off towards the nearest cold 
region, its place meanwhile being supplied by other currents proceed- 
ing along the surface from adjacent cold regions Hence we should 
expect that at any point on the surface in the northern hemisphere, 
northern winds (tnat is, winds from tbe north) would prevail 
throughout the year ; while everywhere in the soutliem hemisphere 
they would blow incessantly from the south. And, were the earth 
at rest, and its surface wholly land or water, such would be the 
actual direction of the winds throughout the year. But the earth 
rotates on its axis from west to east every twenty-four hours, its 
equatorial parts moving at the rate of 1000 miles per hour, while 
at the poles the surface remains at rest. Hence, m passing from 
the higlier latitudes towards the equator, the cold currents of air 
arrive progressively at regions of increased rotatory velocity ; and 
as thev cannot keep pace with this increase of motion, they neces- 
sarily lag behind, and form currents flowing in a direction opposite 
to the rotation of the globe, or from ea^ to west; and thus, by 
the combined effects of the rotation of the globe and the difference 
of temperature at its surface, the northern and southern currents 
are deflected and modified, so as to become respectively the per- 
manent north-easterly and south-easterly currents, forming the 
magnificent phenomenon of the Ttade-winda. These winds extend, 
witn occasional interruptions and modifications, from the vicinity of 
the equator to the 28th or 30th parallel, N. and S. — the limit vary- 
ing according to the sun's northern or southern declination. Their 
action is most regular in the Atlantic and Pacific Oceans ; but their 
influence is neutralised in the vicinity of continents and large 
islands by the currents that are generated on the land. In the 
Indian Ocean and south-eastern Asia, the trade -winds undergo 
remarkable modifications, changing their direction at certain seasons 
of the year, and hence called Monaooiui (Arabic moiMim, a season). 
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These winds prevail over a tiact extending from lat. T S. to the 
Tropic of Cancer, and from the E. coast of Africa to Japan, Siberia, 
and the W. Pacific Ocean. They blow for six mouths of the year in 
one direction, and for the other six in an o}>posite one. The change 
occurs about the 15th April and the 15th October, and is accompanied 
by sudden and violent gales and terrific thunderstorms. On the 
north side of the equator the N.E. monsoon prevails, with little 
variation, from October to April ; while from April to October it is 
replaced by the S.W. monsoon. In the W. part of the Indian Ocean, 
south of the equator, the N.£. monsoon blows from October to April, 
constituting the rainy season ; while from April to October the S.E. 
monsoon holds sway, and forms the dry season. The last - named 
monsoon may be considered as identical with the S. E. trade-wind. 
In general, the monsoons blow towards the Asiatic continent during 
summer, and in an opposite direction in winter. They regulate the 
alternations of the wet and dry seasons throughout south-eastern 
Asia — the rainy season of the W. coast of India corresponding with 
the prevalence of the S.W. monsoon, and that of the E. coast with 
the S.E. monsoon. They are also of ^reat importance to commerce, 
for bv them a ship may be wafted to a mstant port, where she remains 
till the monsoon changes, and is then aided by it home again. Mon- 
soons are caused by the unequal heating of the land-masses which 
enclose the Indian Ocean, but they exhibit so many local modifica- 
tions that no exact account can be given of them in our small compass. 

Zone of Calms and Variable Winds. — In the Atlantic and Pacific 
Oceans, immediately under the equator, where the N.E. and S.E. 
trade- winds approach each other, there occurs a zone of calms and 
variable winds ; there being a calm when the opposing winds wholly 
neutralise each other, and a wind, which is usually from the east, 
when either predominates. This zone varies in breadth from 150 to 
500 miles, according to the season of the year, and is pei-petually 
aliifting its position. In March and April it extends from lat. 2"* N. 
to 7' N. ; in July and August from V N. to 12' N. ; thus ranging 
over 10*" of latitude. As each of the trade-winds has traversed a 
great extent of ocean before arriving at the equator, it becomes 
highly charged with vapour ; and hence this zone u characterised by 
constant predpitcUion, tne rain falling at irregular intervals and at 
all hours of the day. The heat is great, and thunderstorms are 
frequent ; and perhaps there is no part of the ocean more dreaded by 
mariners than the zone of calms and variables. 

Beglon of 8.W. and N.W. Winds.— We have seen that the heated 
air of the Toirid Zone, forced upwards Ifv colder and denser cur- 
rents, finds its way to the Frigid Zones. On quitting the tropics it 
begins to cool, and consequently to descend, arriving at the surface 
about the 30th parallel of latitude in both hemispheres. Were the 
earth stationary, and were there, also, no opposing current from 
the polar r^ons, it is obvious that soutli winds would prevail over 
the entire N. Temperate Zone, and north winds over the S. Tempe- 
rate Zone. But the earth rotates from west to east, and the wind, 
on its way from the tropics to the poles, is ever arriving at zones 
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of surface possessed of less rotatory velocity tlian itself; and it 
will therefore, so far as this cause is conceiped, manifest itself as a 
west wind. Combining, now, both these causes, the resulting effect 
is that in the N. Temperate Zone S.W. winds must prevail, while in 
the S. Temperate Zone N.W. winds will predominate. Both these 
winds, however, are subject to great irregularities, mainly owing to 
their being affected by the great polar ocean-currents that are ever 
proceeding from the poles to the equator. The winds which result 
from such collisions must necessarily take a mean direction, depend- 
ing on the relative force of the opposing curi'ents ; but this direc- 
tion, though very vaiiable, is chiefly westerly. In the North Atlantic 
they are chiefly from the S.W. ; and the effect is, that a sailing 
vessel which takes forty days from Liverpool to New York can 
make its return voyage in twenty-three days. South of the equa- 
tor, between the parallels of 40° and 50°, the winds are pretty 
regular, being generally W.N.W.; while in the N. Frigid Zone no 
regular succession has been observed, but northern winds are the 
most frequent. 

Land and 8ea Breezes. — On islands and near the shores of the 
continents, especially in warm and tropical reeions, the wind during 
the day blows from the sea, while dTuring the night it pursues a 
contrary direction. After the explanations given above, the cause 
of this becomes sufficiently obvious. The sea and the land are 
very unequally heated by the solar beams. About sunrise and sun- 
set the temperature of both is nearly equal, and there is consequently 
no wind either way ; but shortly after sunrise the land becomes 
warmer than the water, in consequence of the more powerful action 
of the solar rays ; the temperature of the stratum of air next the 
surface is increased and its density lessened ; it must therefore 
ascend to the upper regions of the atmosphere, leaving behind a 
vacuum, which is immediately occupied by colder and denser air 
from the ocean. Thus is originated a sea-breezey which attains its 
greatest velocity at the period of the maximum heat of the day, and 
gradually declines towards evening. During night, when the tem- 
perature of the sea exceeds that of the land, the current of air must 
necessarily flow in an opposite direction, and produce what is called 
the land'Oreeze. 

Hnrrloanee and Oycflonee. — These originate in portions of the 
tropical zone, generally in the belt between the N.E. and S.E. trade- 
winds, and diner from each other only in degree. They seem to 
rotate around an area of low pressure, and to advance in continually 
widening spiral curves. Their rotatory movement is from 80 to 100 
miles per hour, but the rate of progress from one region to another is, 
at greatest, only about 15 miles per hour. Indeed, the more violent 
the cyclone, the slower is its rate of travel. These stoims are most 
frequent in the west of the North Atlantic, especially in the W. 
Indies, in the Indian Ocean, and in the Chinese Seas (wnere they are 
known as Tjrphoons), but there is perhaps no part of the globe alto- 
gether exempted from them. In the S. hemisphere they rotate in 
the same direction as the hands of a watch, but in the northern, in the 
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contrary direction. In tropical regions they are most destractive, and 
are greatly dreaded by mariners, but their danger lies in the fury of 
their rotation and not in the speed of their progress. When the 
storm approaches the shore, a wave is hurled on the land with dis- 
astrous effects, as in the Bay of Bengal, where it causes destructive 
inundations in the Ganges and Brahmaputra. They are attended by 
heavy falls of rain and frequent electric displays. In our countiy 
the approach of such storms is not indicated so much by lowness, or a 
sudden fall in the barometer, as by a great difference of pressure at 
places not far removed from one another. They almost invariably 
come to us from the Atlantic, and their arrival on the west coast of 
Ireland can be announced by telegraph before they have reached the 
other parts of our islands. 

Aqueous Vapour and its Results. — ^The quantity of aqueous vapour 
in the atmosphere, which is always very small, varies with the tem- 
perature, being greater when the temperature is high, and smaller 
when it is low. Sir John Leslie showed, by numerous experiments, 
that the air can hold the 160th part of its own weight of vapour in 
suspension when its temperature is at 32'' Fahr. ; the 80th part of its 
weight at the temperature of 69°; the 40th part at 86°; the 20th 
part at 113°; and the 10th part at 140°. Seas, rivers, lakes, and 
moist ground are the sources from which the vapour in the atmo- 
sphere emanates. When water is thus passing from the liquid into 
the gaseous or invisible form, it is said to evaporate. Evaporation 
takes place at all temperatures, and is caused chiefly by the action 
of winds and of the solar heat on the surface of the earth ; and the 
more intense this action is, the greater becomes the quantity of 
moisture that rises into the atmosphere. When the air has received 
as much vai>our as it is capable of holding in the invisible form at 
any given temperature, it is said to be sa^turated. Should any more 
vapour enter it at this temperature, or should its temperature be re- 
duced to any extent, the superabundant vapour instantly becomes 
visible and assumes the form of mist or clouds, or is precipitated as 
dew, hoar-frost, rain, snow, or hail. Should the reduction of tem- 
perature take place at a considerable elevation above the surface of 
the earth, by means of a cold current of air coming in contact with 
a warmer one already at the point of saturation, clouds will be the 
form which the superabundant vapour will assume ; but if the re- 
duction tidces place at a lower level, so that the cloud rests on the 
^und instead of floating in the upper regions of the atmosphere, it 
18 called a fog or mist. A difference between the temperature of two 
counter ocean currents, or between the water of a river and the air 
above, frequently causes fogs. Clouds and mist are identical in their 
nature, and only differ in respect to elevation ; for in each of them 
the vapour, formerly invisible, is supposed to pass into the form 
of minute, visible globules, which, from being nollow within, are 
possessed of such buoyancy as to be capable of floating in the atmo- 
sphere. When the surface-temperature of the ground has been re- 
duced by radiation, so that the air in contact with it falls below its 
point of saturation, a portion of the vapour contained in the latter 
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becomes condensed, and assumes the form of dew ; and when the 
radiation has proceeded so far as to reduce the surface-temperature 
below the freezing-point, hoar^finost is the product. The quantity of 
dew, however, which is deposited on any given object, depends not 
only on its temperature, and on the amount of moisture in the air, 
but in a great measure also on the nature of its materials, its texture, 
and the roughness or smoothness of its surface. Thus, while metals, 
stones, and wood are found comparatively dry, living plants of every 
form are copiously laden with dew : substances having a close texture 
are unfavourable to its foimation, while those that are loosely com- 
pacted, as cloth, wool, down, cotton, &c, are highly favourable ; 
and those surfaces which part with their heat least leadily, as, for 
example, poHshed metals, contract the least dew ; while those that 
part with their heat most readily — ^viz., roughened or painted sur- 
faces — contract the most. When the temperature that has led to the 
formation of the minute hollow vesicles of which a cloud consists has 
been reduced still lower, the vesicles become larger ; then unite 
in twos and threes ; and ultimately, by reason of their densityand 
increased gravity, fall to the ground in large drops of rain. When 
the vesicles have been exposed to an. intensely cold current of air, 
they are congealed or solidified into minute, icy crystals ; and when 
many of these collect together, they usually assume a highly sym- 
metrical and beautifal shape before descending to the earth in tibe 
form of flakes of snow (p. 84). Should the snow-flakes, in descend- 
ing towards the surface, pass through a warm stratum of air, they 
melt and become rain-drops; and, on the other hand, should the 
rain-drops, while descending, pass through a stratum of very cold 
air, they are converted into hailstones. 

Water and Its varloas Forms. — All the above, together with 
steam and ice, are the various forms in which water is found in 
nature. No other substance assumes so many forms as water, none 
pUys so conspicuous a part in the grand phenomena of nature, and 
none will better repay the most attentive consideration. Water may 
be defined as a transparent liquid ; destitute of taste or smell ; colour- 
less when in small quantities, but of a bluish or greenish tinge when 
in large ; absolutely necessary to the life of plants and animals ; 
and more generally distributed in and over the crust of the earth 
than any other substance. In regard to compoBltloii, pure water 
consists of the union of two gasea^ oxygen and hydrog^ not simply 
mixed together, like the components of atmospheric air, but ehemi' 
ccdly combined in the proportion b^ weight* of eight to one ; but as 
found in nature, it invariably contains minute quantities of various 
mineral or other ingredients — as air, carbonic acid, nitrogen, silica, 
alumina, and numerous other salts. In regard to density, it is em- 
ployed as the most convenient standard by which the n>ecific gravity 
of all solids and liquids is computed. One cubic inch of^pure water at 
the temperature of 62^ Fahr. weighs 252 grains. Hence it is 13^ times 
lighter than mercury, and 814 times neavier than dry atmospheric 
air at the same temperature and at the average pressure. At 212** 
Fahr. it boils and passes off into steam, which occupies about 1800 
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times the volume of water. At 89°. 2 Falir. it attains its maximum 
density ; whUe at 32° it freezes, expands, and becomes loe, a trans- 
parent solid, of vitreous lustre, of a sp. cr. of 0.918, which therefore 
floats on water, having ^ of its bulk under the surface and ^ above. 
As the usual density of sea-water is 1.0275, a larger portion of the ice 
(about I) remains above the surface than in the case of fresh water. 

Clonds. — In addition to what we have said as to the nature 
and origin of clouds, we have to consider their different fornip, 
height, and velocity. 

Forma of Clouds. — ^The infinite variety of clouds seen covering 
the face of the sky can all be reduced to seven forms, three of which 
are simple and four composite. 

1. Cirrus (from Lat. cirrus, a curl), formed of light-coloured slender 
filaments, pencilled on an azure sky, resembling the tresses of a lady's 
hair, or an entangled skein of wool. Being formed at a great elevation, 
where the atmosphere is far beneath freezing-point, they are i*egarded as 
consisting of minute ice- crystals. They are the least dense and the 
most elevated of all clouds, and though they often accompany serene 
weather, are supposed to be valuable indications of a breeze. In equa- 
torial regions they are found stretching from north to south ; but in 
liigher latitudes they extend from north-west to south-east, while in the 
Arctic regions they form what are known as " mackerel skies," in which 
haloes and mock-sims so frequently appear. 

2. Cumidus or Summer Clouds (from Lat. cUmUlus, a heap) sometimes 
resemble huge rounded masses of smoke or foam piled atop of each 
other, while at other times they are like the summits of distant snow- 
clad mountains. They are formed by ascending currents of the atmo- 
sphere, which, on attaining a higher elevation, cause the previously unseen 
vapour to become suddenly visible. They form the characteristic cloud 
of the daj/y appearing soon after sunrise, ascending as the day advances, 
and either vanishing towards evening (which is a prognostic of settled 
weather) or merging into the rain-cloud. 

* 8. Stratus or FaU Cloud (from Lat. strcUus^ a layer), which arranges 
itself in long horizontal layers, is the lowest of all clouds, and is seen 
commonly resting on, or creeping along, the surface of the ground. As 
the last form described was the aay-cloud, so this is the cloud of night, 
being formed by tiie descent of higher clouds as the surface of the 
earth becomes cooler after sundovm. Should it not disappear with 
the morning sun, rain may be expected. 

4, 5, and 6. — Cirro-stratus, Cirro-cumulus, and Cumulo-stratus are 
combinations of the preceding, for the particulars of which we must refer 
to works on Meteorology. 

7. Nimbus or Rain-Cloud (from Lat. nindms, a shower) is denser than 
any of the others, and is of a dark leaden hue, changing into grey. It is, 
in fact, a shower seen in profile as it approaches the spectator from 
the horizon. 

Heigbt of ClondB. — The elevation of clouds is very various, some 
of them almost resting on the ground, while others have an altitude 
superior to that of the highest mountain - summits, that of the 
Cirrus ranging from 8 to 10 miles. Prof. C. Piazzi Smyth, while 
living on Teneriffe, frequently noticed a bank of cloud drifting with 

P 
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a N.E. wind at an elevation of 4500 ft., and another, 15,000 ft high, 
moving in an opposite direction. Clouds in Britain ascend to eleva- 
tions of from 2000 to 6500 feet. They are highest in tropical lati- 
tudes, least in the polar regions, while in the interior of continents 
they are more elevated than near the ocean. 

Velocity of Clouds. — The velocity of a cloud is the same as the 
velocity of the current of air in which the cloud is floating. But at 
different elevations in the atmosphere such currents move in widely 
different directions at the same moment, and thus the spectator 
often sees clouds right overhead veering towards different points of 
the compass. Gener^y speaking, in such cases, the higher the cloud 
the greater the speed of tne current containing it — ^the neight of the 
cloud and its shadow on the earth forming the only means of ascer- 
taining the speed of the current. From 70 to 110 miles an hour, or 
about double the rate of an ordinary erpress train, is not an un- 
usual velocity. Sometimes a cloud on the summit of a lofty moun- 
tain appears to be stationary, although at the summit itself a strong 
breeze is blowing : in such cases the aqueous vai)our touching the 
cold mountain-side becomes suddenly visible, remaining so until it is 
carried beyond the influence of the mountain, when it assumes its 
former invisibility — the permanency of such clouds being analogous 
to that of rivers, which, though ever appearing the same, are con- 
stantly changing their contents. 

Distribntion of Bain. — Both as regards amount and fre- 
quency, rain is the most capricious of all atmospheric pheno- 
mena ; but though its distribution is much more h&blQ to 
irregularities and extremes than temperature, yet the following 
generalisations, which can only be regarded as' rough approxi- 
mations, will be found useful ; — 

1. Rain is more abundant in tropical regions than under higher 
latitudes, owing to the rapidity of evaporation and the greater amount 
of aqueous vapour in the atmosphere. The annual average rainfall 
between the tropics is about 96 inches — ^the Old World being 77 and 
the New 115 ; while in the two temperate zones the average annual 
fall is only 36 inches— the Old World being 38 and the New 84. 

2. The number of rainy da^s is greater the farther a place is from 
the equator. Within the tropics the number of rainy days is esti- 
mated at 80, while in the temperate zones the average is twice that 
number. 

3. The annual amount of rain decreases in ascending from low 
plains to elevated plateaux, as the winds are robbed of their mois- 
ture in their ascent : thus, while at Coimbra, in Portugal, the annual 
amount is 118 inches, and at Bilbao, 100 ; at Madrid, on the high 
table-land, it is only 10 inches. 

4. On the contrary, the amount of rain increases in ascending from 
plains to the rugged slopes of mountain-chains. Thus, while in the 
^eat European plain it is under 20 inches, it is no less than 104 
inches at Santa Maria, in the Alps. 

5. The amount of rain decreases as we proceed from the shores of 
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continents towards their interior ; thus, while on the W. coast of the 
United Kingdom, Norway, and Portugal, the annual average is from 
80 to 150, 72, and 118 inches respectively, in Eastern Europe it is 
only 15 inches. Again, the number of rainy days decreases from 
208 on the W. coast of Ireland to 90 in tlie basin of the Volga, and 
to 60 in the interior of Siberia. To this i-ule, however, there are 
important exceptions. 

6. Mountain-chains act as condensers of vapour, especially when 
stretching across the path of warm, moist winds. On the side of the 
mountain which the wind strikes, the surface stratum of air is forced 
upward, depositing a large proportion of its vapour, while on the 
other side of the chain the current descends completely robbed of 
its moisture. The Andes, in South America, the Mts. of Norway, 
the W. Ghsits, in India, and Mt. Atlas, in N. Africa, afford strik- 
ing examples. 

7. The average annual rainfall for the whole giobe is estimated 
at 60 inches. 

8. Warm winds blowing towards colder climates bring rain, while 
cold winds advancing to warmer regions bring fine weather and 
drought. 

9. The presence or absence of vegetation in any country has a 
great influence on the amount of rain deposited. A barren region, 
having nothing to shield it from the burning rays of the sun, becomes 
intensely heated, the temperature of the air increase^ and its capa- 
city for moisture is heightened, thus making the existence of rain 
impossible. A covering of vegetation, on the contrary, shields the 
soil from the sun's rays, keeps its tempei-ature low, and promotes 
condensation. 

Begions of Great Bainfalls.— The rainiest localities in Europe are 
Coimbra, in Portugal (where 118 inches fall annually), the Alps, Bre- 
tagne, and the west coasts of Norway, Great Britain, and Ireland. The 
average number of rainy days on the west coast of Britain is 208, on 
the £j. coast 165. In some parts of Westmoreland and Cumberland 
100 inches of rain fall annually ; at Seathwaite, 6.62 inches have 
fallen in a single day ; and at the Stye (which is believed to be the 
wettest spot in Gt. Britain), 38.9 inches have fallen in one month, 
while the annual amount is upwards of 200 inches. In Asia, the 
countries lying south of the great table-land are characterised by ex- 
treme moisture. The vapours borne by the S.W. monsoon are con- 
densed on the W. Gh&ts of India, and the rain falls in torrents along 
the west coast of that country. At Bombay, 16 inches have fallen in 
a single day, while at Mahabuleshwar, a sanatarium in the W. Gh&ts, 
the annual fall is 254 inches, of which 242 fall during the four mon- 
soon months. In tiie basin of the Brahmaputra the fall is also prodi- 
gious ; in some places, as at Silhit, it amounts to 209 inches, while 
at Chirra Punji, among the Khasia hills, the greatest annual rainfall 
on the globe (615 inches) occurs. Between 16° N. and 20° S. lat. Africa 
is visited by copious periodic rains, brought by the monsoons from the 
Atlantic and Indian Oceans. These are, however, far more abundant 
on the coasts than in the interior. On some parts of the Guinea coast the 
fall is prodigious, and at Zanzibar it amounts to 167 inches annually. 
In the New World, the ramiest portions are Patagonia (where 109 
inches fall annually), Chiloe, Valley of the Amazon, Florida, Iowa, 
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the low flats of the Mississippi, and the coast of British Columbia, 
while Sitka has an annual fall of 90 inches. In the ''Doldrums" of 
the Atlantic (the belt between the trade- winds), the annual amount is 
2*25 inches. 

Baiiiless Begions. — ^Those of Asia are, the Great Desert of Gobi or 
Shamo, alai^ part of Biluchlstan, Persia, Northern Arabia, and Southern 
Syria, in some of which a drop of rain is never known to fall, and in 
others only at long intervals and in very small quantities. In Africa, 
the great southern plateau is eminently dry ; while in the Sahara, rain 
falls in torrents at very distant intervals, in some places not oftener than 
once in ten or twenty years. Even dew is here unknown, owing to the 
ascending currents of heated air which dissolve the vapours and dis- 
perse the passing clouds. The moisture brought by the trade-winds to 
the Australian continent is intercepted by the mountains bordering 
the eastern coast, so that the interior, from the 80th degree of S. lat. 
to within about 200 miles from the northern coast, is a dry cheerless 
desert The rainless regions of the New World are, the immense tract 
lying between the Rocky Mountains and the 100th meridian, known as the 
** Plains," and the western highland, as the moisture which the Pacific 
winds diould carry to them is arrested at the margin of the plateau by 
the Sierra Nevada and Cascade ranges : also the narrow coast region of 
Bolivia and Peru, known as the desert of Atacama, in some parts of 
which no rain has fallen within tlie memory of man. 

Snow. — ^When the aqueous particles, produced by the preci- 
pitation of vapour, become frozen in their descent througn the 
atmosphere into separate icy crystals, and afterwards unite 
together, the assemblages of crystals constitute flakes of snow. 
About; 1000 different varieties of snow-flakes have been ob> 
served, which are generally of exquisite beauty and svmmetry, 
especially in the polar regions, where the highest perfection of 
form ia seen ; although they are much larger in mUd than in 
very cold weather. Captain Scoresby has i^uced all the forms 
of snow into five classes, the most common presenting the 
outline of a hexagon or six-angled star (see " Aqueous Vapour 
and its Results," p. 79). 

Height of Snow-line. — In all latitudes the tox)s of high moun- 
tains are covered with a layer of permanent snow which the summer 
heat IB insufficient to melt The lower limit of perpetual congelation 
is called the snow-line. In tropical regions its elevation is about 3 
miles above the sea-level* in temperate latitudes it occurs at the 
height of 2 miles, while at the northern limit of the three northern 
continents it is about half a mile high. In the islands of the Arctic 
Ocean, vast fields of snow remain permanent during the year at an 
elevation of a few hundred feet. Thus the snow-line in both hemi- 
spheres attains its maximum elevation in the sub -tropical zone, 
and gradually descends, though the precise rate in proceeding to 
either pole is not yet ascertained. The highest known limit is on 
the north side of the Himalaya and the western side of the Andes of 
Bolivia, in both of which it attains an elevation of 18,500 fL ; on 
Rilimandjaxo, East Africa, 17,000 ft., Mont Blanc, 8500 ft., Cen- 
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recedes from the pole much further 




S«^^-J1, 



than in the northeni, as it toachea the sea at Ut. 54°, a latitude cor- 
respoDding to that of Yorkshire. The height is not regulated excla- 
Mvely by the degree of latitude, bat depends veiy much on tiie 
elevation and enposiire of the place, the character of the prevailing 
winds, the temperature and dryness of the air, and the depth of the 
snow tliat has fallen during printer. The quantity of niaieture 
determines the amowiU of prtcip^ation, being greater in the coast 
regions exposed to moist winds, than in the dry bested plnteani of 
the interior of the continents ; the annual fall is greater also in cool- 
tempente latitudes than in the polar regions, "lbs number of days 
on which snow falls increases with the distance from the limit ot 
snowfall ; thus, Malta is never visited by snow ; at Gibraltar it is 
rare ; at Palermo it falls on 1 day annually, at Eome 3, Venice S, 
Taris 12, Copenhagen SO, and at St Petersborg 170. 

Hall — Hailstones usually present the appearance of partially melted 
snow-flakes that have been suddenly congealed hy intense cold, and 
which become surrounded by a coating of ice radiating from the 
centre. As showers of hail are almost invariably preceded by thunder, 
they have come to be regarded as an electrical phenomenon. When 
a, dudiBige of lightning occurs between two clouds, the oxygen along 
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the course of the flash is suddenly consumed in whole or in part, 
causing a momentary yacuum along a narrow line, or at least an 
extreme dilatation. The instantaneous efifect of such dilatation is 
intense cold, which suddenly conceals all surrounding moisture. 
Showers of hail occur more frequently in spring and summer than in 
winter, and in southern Europe than further north. They usually 
travel in narrow parallel lines, and sometimes with destructive effects. 
The great hail-storm which occurred in France, in 1788, and caused 
irreparable damage to fruit-trees and vineyards, travelled from the 
W. Pyrenees to the Baltic, a distance of 600 miles, in two parallel 
lines, 8 m. asunder and 4 m. wide, some of the hailstones being 8 
inches in diameter. The storm travelled at the rate of 40 m. an hour, 
the fall lasting at any place along its Une seven or eight minutes. 

Olaclera. — These are among the grandest and most remarkable 
phehomena in nature. They consist of huge masses of ice (or of 
snow that has been partially melted by the heat of summer, but 
which has afterwards been congealed), which, quitting the higher 
level, descend far below the usual snow -limit, into the region of 
cultivation, overwhelming and carrying down before them rocks, 
soil, and trees. This descent is owin^ to the inclination of the bed, 
the annual accumulation of snow during winter in the higher levels, 
the viscous or semi-fluid character of the structure, and other causes. 
They advance most slowly in winter and most rapidly in spring and 
summer, but the rate of motion in the descent is different in different 
glaciers (in the Alps it is about 350 ft. per year), according as the 
elements just specified vary; but it is cotUiniums though not uni- 
form in aU, never being wholly arrested, even during the most severe 
winters. As in a river, the velocity inci'eases with the slope, while 
the surface and central parts move faster than the bottom and sides. 
In the same way, also, as a river carries off from a district its excess 
of water, the glacier drains the snow-fields of their excess of snow. 
The head-waters of the Rhine, Ehone, Po, and Danube find in the 
Alpine glaciers a never-failing supply of water, and these livers, as 
also the lakes through which they now, have high water in summer, 
when the melting of the snow and ice is most rapid. The most ex- 
tensive glaciers in the world are those of Greenland — the interior of 
which is supposed to be one vast ice-field — from which huge glaciers 
(some of which, as the HumlDoldt Olader, are 45 m. broad at the 
base, and from 800 to 500 ft. in height) extend to the sea-shore, 
sometimes, indeed, for two or three m. into the sea. They are also 
seen on a grand scale in the Himalaya Mts., whence they descend to 
8000 ft. below the snow-line, and are common in the Caucasus, Pyre- 
nees, Scandinavian Mts., as also in Iceland, Spitzbergen, the Rocky 
Mts., Columbian and Patagonian Andes, and the New Zealand Alps ; 
but the most remarkable glacier region is that of the Alps, where 
there are said to be 1100 distinct glaciers, among which three groups 
are particularly celebrated. The first is that of ML Blanc, consisting 
of 34 enormous glaciers, and including the Mer de Olace which covers 
an area of 18 sq. m. and the Olaoier de la Brenva, one of the most 
beautiful and most accessible of all known glaciers ; the second group 
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is that of Monte Rosa, in which is the Zexmatt or G5rmer COaoler, so 
veil described by the late Swiss naturalist, Agassiz ; while the third 
is the group of the Oberlatid, including l^e great AletsclL COacter, 
which has an area of 32 sq. m. 

Moraines are lines of rock, gravel, and rubbish on the surface of 
a fflacier, which increase with its progress, and terminate in huge 
piles frequently from 50 to 100 ft. high ; the accumulations at the 
end of a glacier being called terminal moraines, those on its sides 
ItUeral moraines. 

Crevasses are fractures or fissives in the glacier, caused by its 
moyement through an irregular valley ; sometimes these chasms are 
500 a wide. 

Ayalaiuihes are accumulations of snow and ice, which are precipi- 
tated with destructive violence from the edge of precipices into the 
valleys below. They are the most dangerous and terrible phenomena 
of the Alpine valleys, and are also known in the Pyrenees and Nor- 
wegian Mts. 

Iceliergs. — In polar regions glaciers frequently descend for some 
distance into the sea, where they lose their support, and vast masses 
are floated away as iceberg. Of these Greenland is the great nursery, 
and from it the cold Davis Str. current brings down annually about 
400 bergs, many of them 250 ft. above water, measuring miles in 
circumference, and loaded with stone and shingle. Many of them 
lodge on the Grand Banks of Newfoundland, where they are either 
melted by the Gulf Stream or are broken up by the sea ; while others 
beset the offings of the Canadian harbours, and occasionally reach as 
far as 40° N. The beigs of the Antarctic Ocean are sometimes 300 
ft. high, and frequently travel as far north as the apices of the con- 
tinents. Icebergs assume the most fantastic shapes, and are greatly 
dreaded by mariners, not only on account of the nsk of collision, but 
because they sometimes suddenly explode into a thousand pieces, 
while at otners they Icse their eonilibrium and topple over, causing 
great disturbance in the surrounding ocean. As the specific gravity 
of ice is 0.918 (at 32** Fahr.), only about I of the mass usually rises 
above the level (see p. 81). 

loe-fleldB. — The surface of the polar seas is frozen wherever the 
temperature is below 28^ Fahr. (the point at which sea- water freezes). 
Snow falling on this cannot melt, so that a thick coating of ice and 
snow is speedily foimed. This ice is most closely bound together in 
the winter months. June, July, and August are the open months of 
the Arctic Ocean, and December, January, and February those of the 
Antarctic. Immense tracts of this frozen surface are called ice-flelds, 
and when the warm weather and the winds cause these to break up 
and drift together, so as to become piled up in immense masses, such 
accumulations are termed packs. Smaller masses of floating field-ice, 
of about a quarter of a mile in circumference, are called floes. As 
has been stated above, the ice of the Antarctic Ocean occupies three 
times the extent, and stretches 10° nearer the equator, than that of 
the Arctic basin. Its floes and bergs are also much greater, and the 
perpendicular barriers of ice which guard its inhospitable shores 
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are nearly doable the size of the ancient ice -cliffs which bound the 
American side of the Arctic Ocean, from the coast of Alaska to the 
head of Smith Sound, in hit S3° 20' (see under "Arctic and Ant- 
arctic Oceans"). 



VL — CLIMATE. 

By the climate of a place is meant the pTevailing character 
of its weather, or all those states and changes of its atmosphere 
which sensibly affect the organs of plants and animals. The 
peculiarities of climate are mainly attributable to the following 
causes: — 

1. Latitude. — This determines the amount of solar heat which the 
place enjoys — which amount depends, not merely on the lencth of 
time it is continuously exposed to the solar rays, but especially on 
the direction of the rays when the sun is in the meridian. Between 
the tropics the solar rays descend vertically at noon, and hence pro- 
duce their maximum effect ; but the more remote the place is from 
the torrid zone the rays descend more and more slantingly. 2. Ele- 
▼ation. — The more elevated any place is, the lower is its tempera- 
ture ; and a change of level of only a few feet will diminish the 
temperature of the place as much as a change of latitude amounting 
to many miles. In the tomd zone an ascent of 833 feet sinks the 
thermometer 1** Fahr. ; but the rate is not uniform as the ascent is 
continued— less than 333 feet being sufficient for reducing the tem- 
perature another degree. A smaUer elevation will also suffice for 
producing this effect in higher latitudes. Bj continuing the ascent 
m any latitude, we at length arrive at what is called the Bnow-line, 
or the limit of perennial congelation (see p. 94). 8. Slope or Aspect 
at noon greatly affects the climate of a country, especially in the 
temperate zone. If the slope is towards the sun at noon, the rays of 
that luminary fall more directly on the surface, and therefore produce 
a greater effect than if the place is level ; while, on the other hand, 
if the surface inclines towams the north, the contrary effect is pro- 
duced. Thus, in Siberia and British America, where the slope is 
northward, as indicated by the direction of the rivers, the climate is 
incomparably more rigorous than in the British Isles and Scandinavia, 
thouffli situated between the same parallels of latitude. In the south 
of Siberia mercury freezes in winter ; whereas in Ireland the myrtle 
grown in the open air. Even in the same locality the greatest diver- 
sity of climate prevails on the opposite sides of a mountain-ran^. 
Thus, on the southern slopes of the Alps of the Valais the vine 
attains to its^ utmost perfection, while the northern slope is densely 
covered with ice and snow. 4. Tlie Sltnatloii of a Country In respect 
to Large Tracts of Land or Water.— The temperature of the ocean is 
more equable than that of the land, being less affected by the action 
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of the solar rays and by radiation. Hence, through the agency of 
the winds, those countries which are situated near the ocean are less 
subject to the extremes of heat and cold than other countries under 
the same latitude situated in the interior of continents. Thus Lon- 
don ei^oys a milder winter and a cooler summer than Paris, which 
is 2* 42' of latitude farther south. In the northern hemisphere a 
country is rendered hotter by having a large tract of land to the 
south and sea to the north, but cooler when these relations are re- 
versed. 6. Climate depends, also, on the prevailing dlreotloii of tbe 
winds, and whether they come from the land or from the water. Thus, 
the east winds of the British Isles, in spring, come from Siberia and 
Northern Russia — t.e., from the coldest part of the Old World, in the 
coldest month : they contain little or no moisture, and though they 
ultimately traverse the North Sea, their temperature is too low to 
absorb vapour. Hence, for three months of the year they are pecu- 
liarly trying to invalids, especially on our £. coasts. Our south- 
west winds, on the other hand, come from the Atlantic and Gulf 
Stream, and bring with them great quantities of moisture : hence the 
average fall of rain is much greater on our western than on our eastern 
coasts. 0. Other important elements of climate, such as proximity 
to ocean-oorrents, the annual fall of rain, and the direction and 
relative position of monntaln-ohains, together with the nature of 
the soil and the degree of cultivation to which it has been sub- 
jected, have for the most part been treated of in previous sections 
of this work. 

Zsothemiai Lines and Climatic Zones. — As tlie temperature of any 
given place depends on a multitude of causes besides latitude, it is 
obvious that tne old designations of torrid, temperate, and frigid 
zones, bounded bv the tropics and the polar circles, do not ade- 
quately express tne temperature, and far less the general climatic 
character, of the different parts of the earth's surface. Humboldt 
and others have accordingly substituted other Unes, instead of the 
mrallels, as the true boundaries of climatic zones — ^viz., liothermal, 
Jsocheimal, and IsotJieral lines. The mean annual temperature of 
any given place may be readily ascertained by means of the thermo- 
meter ; and imaginary lines connecting together all the places in the 
same hemisphere, having the same mean annual temperature, are 
caUed Isotherms {isoa, equal ; therme, heat). The Isocheimals (ieos, 
equal ; cheima, winter) are similar lines connecting places that have 
the same winter temperature, and the Isotheral lines {isos, equal ; 
theros, summer) are those drawn between places having the saTM 
suminer temperature. These lines of equal temperature approximate, 
more or less, to the direction of the equator, though they are nowhere 
parallel to it. They diverge from it more in the northern than in 
the southern hemisphere, and ereatly more in high than in low lati- 
tudes. The hottest portion of the earth's surface in Jul}r is a tract 
in N. Africa, extending from the meridian of Greenwich to E. 
Ion. 75% and embracing the central part of the Red Sea and head 
of the Persian Gulf, having a July temperature of 96*; and the 
coldest winter temperature, so far as yet ascertained, is an oval tract 
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around Yakutsk, in Siberia, with a January temperature of — 41°. 4, 
and a July temperature of 63°. 3, ahowinff a diflerence between the 
summer and wmter temperatures of 104^.7. It appears, therefore, 
that the hottest region is not under the equator, nor the coldest 
under the pole ; and that all the lines of eyuA. temperature in the 
northern hemisphere attain their highest latitude in tne eastern side 
of the Atlantic Ocean — owing, no doubt, to the high temperature of 
the Gulf Stream, which flows northward along the western shores of 
£urope. The isocheimal of 40° passes through the centre of the 
British Isles in January. In July they are traversed by the isotheral 
curve of 60°, while the isotherm of 50° expresses the mean annual 
temperature. Our yearly range is about 20°, while that of Central 
Asia in the same lat is not less than 85°. By means of these iso- 
therms each hemisphere is divided by the meteorolo^st into six 
climatio zones, named respectively the hot or equatoriaJ, the trarm, 
mild, cool, coldf smd frigid or polar zone. 

The Equatorial Zone extends on both sides of the equator, is 
bounded by the isotherms of 77°, and embraces Central America, the 
West India Islands, a portion of South America, all Africa between 
the Atlas chain and the 15th degree of S. latitude, and the north of 
Australia. The Warm Zone is bounded on the south b^ the equa- 
torial zone, and on the north by the isotherm of 59°, which, in the 
New World, passes through San Francisco and Cape Hatteras ; and, 
in the Old World, through the north of Spain, Rome, Gallipoli, the 
north of Asia Minor, the south of the Caspian, Lake Koko-Kor, the 
mouth of the Hoang-Ho, and the capital of Japan. The Mild Zone 
is bounded on the south by the warm zone, and on the north by the 
isotherm of 41°, wliich passes through the Aleutian Islands, Sitka, 
a little south of Lake Superior, through the centre of Nova Scotia ; 
and, in the Old World, through Bergen, Christiania, Stockholm, 
Riga, Moscow, and Orenburg. The Cool Zone is bounded on the 
north by the isotherm of 32°; which, in the New World, passes Cape 
Romanzoff, Cumberland House, and the southern extremity of James 
Bay, south of Nain in ' Labrador, and north of Cape Farewell in 
Greenland ; and, in the Old World, through the north of Iceland, 
Hammerfest, head of the Gulf of Bothnia, Archangel, Tobolsk, and 
the south of Lake Baikal. The Cold Zone is bounded on the north 
by the isotherm of 5°, which passes through the centre of the North 
American Archipelago, north of Greenland, and through the extreme 
north of Siberia. And, lastly, the Polar Zone, whose southern limit is 
the isotherm of 5°, embraces all the remainder of the Arctic regions. 

ZboImuIc Unee. — In studying the character of the weal^er and the 
direction of the winds in any locality, it is of the utmost importance 
to determine the variations of atmospheric pressure to which the 
locality is subject at the different seasons of the year. In January, the 
highest barometric pressure occurs over the continents of the N. 
hemisphere, especially over northern and central Asia, where in some 
places it amounts to 30.4 in.; it is important to observe that this is 
also the region of the greatest winter cold ; while the lowest pres- 
sures, in January, are distributed over the higher latitudes of the oceans 
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of the N. hemispliere, and over the Antarctic Ocean. ''Since tho 
winds on the earth's surface everywhere flow out of this region, the 
inference is inevitable that the sources of this high mean pressure 
can only he in upper currents flowing towards it and over it n-om the 
four regions of low pressure lying respectively to the E., the S.E., 
the S., and the W. It is this low pressure in the N. Atlantic, 
together with the hish pressure over central Asia, which forms the 
key to the winter climates of Europe." — BwJutn, The average 
barometric pressure of the British Isles, in Jannaiy, is 29.7. In 
July, on the other hand, tho lowest pressures are distributed over the 
K. continents, together with N.E. Africa ; and the highest pressures 
over the ocean between 16' to 60* N. lat, and in the 8. hemi- 
sphere over the entire zone extending from 10' to 40' S. lat. The 
mean barometric pressure in the JBiitish Isles in July is 29.9. 
Lines connecting places of the same mean pressure are termed Iso- 
baric lines (mos, efjual ; haros, weight), and are usually of a three- 
fold character — viz., those connecting places of equal pressure in 
January, July, and the entire year. They are of the greatest im- 
portance in the study of meteorology — as, for example in understand- 
ing the direction and stren^h of the wind : the closer the isobaric 
lines are, the stronger the wmd ; and the further apart, the lighter. 



VII.-.ELEGTRICITY AND MAGNETISM. 

These mysterious forces, now believed to be closely allied, 
are known to be so vitally concerned in many of the grandest and 
most intricate phenomena of nature, that even in bo brief a 
treatise as the present some notice most be taken of them. 

Eleotrleity. — ^This force is found to penetrate all nature. The 
simplest way of producing it is by friction. When any two bodies, 
as wax and flannel, are smartly rubbed against each other, electricity 
is produced. Take a stick oi sealing-wax and rub it with a woollen 
cloth : then hold the wax above small slips of paper lying on the 
table ; the^ will suddenly fly from the table and adhere to the wax. 
After remaining in this position for a little time they will be repelled 
and flyaway. It was amber, and not wax, that was first employed in 
producing this curious phenomenon. Indeed, for more than 2000 
years the attraction of light bodies by amber was the sum of 
human knowledge regarding electricity, and hence the name of elec- 
tricity (from electron, amber). There are two kinds of electricity, 
the one known as vitreous or positive, the other as resirunis or nega^ 
tive. When two substances are rubbed against each other, the one 
is invariably charged with the positive form, the other with the nega- 
tive. Such two bodies always attract one another, but two bo(Ues 
exhibiting the same kind of electricity repel each other. The chief 
sources ox this force are friction, pressure, combustion, evaporation. 
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and condensation; while its principal effects are attraction, heat, 
light, chemical action, and magnetism. With respect to electricity, 
aU substances may be divided into two great classes, conductors and 
non-conductors. To the former belong the metals, carbon, T^e« 
tables, animals, earths, water; and to the latter, amber, glass, suk, 
leather, and atmospheric air. There is a constant tendency in 
electrified bodies to render themselves neutral, by drawing electri- 
city of the opposite kind from some neighbouring body that possesses 
it. As the electric fluid is confined to the surface of bodies, this 
neutralisation is the more readily effected when the bodies are 
pointed or angular. Should the two bodies be separated by a bad 
conductor, as dry air, the fluid, if intensely developed, may force 
its way through the air, but a vacuum forms an effectual barrier. 
When the electricity is sufficiently accumulated, a spark is produced, 
caUed the electric spark, which is accompanied by an audible report 
Ugbtnlng is the dazzling light produced by an electric discharge 
passing between clouds tuat are oppositely electrified, or between a 
cloud and the ground. This was clearly shown in 1752, by Dr 
Franklin, who, by means of a kite, succeeaed in obtaining a spark 
from a thunder-cloud. The atmosphere, when dry, is in general 
positively electrified ; but any disturbance in it produced by heat, 
evaporation, condensation, or any other cause, will produce a change 
in its electrical condition. It has been ascertained that the earth 
is uniformly negative. Hence if a cloud charged with positive 
electricity passes within a sufi&cient distance of the earth, lightning 
is produced. In this case the electric fluid rushes from the one cloud to 
the other with inconceivable force and velocity ; heat is thus produced 
of so intense a character that it bums up the portion of air through 
which it passes ; the air from either side rushes in with great force 
to fill the vacuum ; a great vibration of the atmosphere ensues, pro- 
ducing a sound familiarly known as Thunder. Thunderstorms are 
greatly more common and terrific in tropical than in temperate 
countries, as the heat is more intense and evaporation more rapid. 
For the same reason, they are most frequent in summer in liigher 
latitudes. As the electricity of salt water is positive, or the same 
as that of the atmosphere, thev are less frequent at sea than on land. 
Such storms ordinarily take place at an elevation of about 3000 ft, 
though they have been observed at the height of 16, 000 ft The height 
may De ascertained by observing the interval that elapses between 
the moment at which the spectator sees the flash and that at which 
he hears the report ; as, for short distances, the passage of light 
is practically instantaneous, whereas sound-waves travel at the rate 
of 1130 ft. per second. Thus, if five seconds be the interval, the 
electric cloud is about one mile distant. Electricity may be con- 
veyed to any distance, either by land or along the bed of the ocean, 
by means of suitable conductors. The Submarine Telegraph be- 
tween Valentia in Ireland and Newfoundland, affords a striking 
example. This cable, 1866 m. long, consists of several plies of cop- 
per wire firmly twisted together ana protected by a coatm^ of gutta- 
percha. By means of this cable, the velocity of electricity along 
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submerged wires was ascertained to be 14,000 m. per second, which 
is only ^ the velocity of li^ht. This difference is probably due to 
the fact that electricity, in its passage through long wires, induces a 
counter-current, which must retard its progress. Wheatstone found 
long ago that the rate of frictional electricity is 288,000 m. per second. 
MagnetlBm is another very remarkable force, pervading all nature. 
In some of its phenomena it closely resembles electricity, but in 
others it greatly differs. The term inagnetism is derived from a 
mineral called the loadstone (an oxide of iron) which abounded in 
Magnesia^ in Asia Minor, and was known to the ancients. It is an 
iron ore which possesses the peculiar characteristic of attracting iron 
and steel, and of assuming, when freely suspended, a nortn and 
south position. This property (called polarity) it .can temporarily 
communicate to a bar of soft iron by contact, or permanently to a bar 
of steel, which thus itself becomes a magnet. The ends or poles of 
the steel bar will now powerfully attract iron, the middle of the bar 
being neutral ; if freely suspended, it will assume a direction nearly 
parallel with the meridian ; its northern extremity will strongly 
attract the southern extremity of another magnet, but will violently 
repel its noi'them end. In all these respects magnetism resembles 
electricity, but it differs from it in various important particulars : thus, 
its attraction and repulsion are permanent ; its attraction is not 
confined to the surface of bodies ; it cannot, like electricity, be in- 
sulated by a non-conductor, as it passes freely through any interven- 
ing substance ; while its attraction is confined (at least perceptibly) 
to a very few substances. The last-mentioned difference is, however, 
more apparent than real ; for a powerful magnet will attract not only 
iron, but also cobalt, nickel, platinum, palladium, manganese, &c., 
and will repel antimony, bismuth, copper, lead, silver, and mercury. 
Indeed, all substances in nature are more or less affected by magnet- 
ism. The earth itself is in reality a vast magnet, having t^'O magnetic 
poles, which are not coincident with the astronomic poles of the 
planet. There can be little doubt that it is this magnetism of the 
planet that imparts polarity to the loadstone, for it is to the Tnagnetic 
poles of the earth, and not to its terrestrial^ that a freely suspended 
magnetised needle points. To impart polarity to any substance is to 
cause the minute particles of which it is formed to assume a regular 
symmetrical position, their similar faces or ends always looking in 
the same northerly direction, each particle thus becoming a true 
magnet. When a bar of iron is magnetised, it is found that its 
length has slightly increased at the expense of its thickness, thus 
showing that all its particles have altered their former x)osition. The 
particles were not in aI)solute contact before being polarised, though 
the bodv was solid ; nor are they in absolute contact yet, for the bar 
will still contract by cold and expand by heat in all directions. 
Indeed it is questionable whether any one atom of matter ever yet 
came into absolute contact with any other. The magnetic poles, 
to which a magnetised needle points, are not stationary, but move 
slowly in a circular curve, which they complete, according to Mr R. 
A. Proctor, in 650 years. This motion is analogous to that of the 
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polar axis of the earth, which, instead of pointing invariably to the 
same star, gyrates around the true pole of the heavens in 25,868 
years. The magnetised needle follows the magnetic pole in this 
secular revolution, and is in fact the best index of its position at 
any given time. The exact position of the north magnetic pole 
was determined by the late Sir J. C. Boss, in 1833, as in lat. 70° 
N., Ion. 97* W., — a point situated in Boothia peninsula ; while the 
southern magnetic pole was approximately determined by the same 
navigator, in 1841, as in lat. 75* 8., and Ion. 145* E. At Greenwich 
Observatory, in 1580, the needle pointed to 11* 15' E. of N. , at which 
time it was moving westward; in 1660 it pointed due N., and con- 
tinued to move in a westerly direction till 1814, when it arrived at its 
maximum declination of 24 20' W. It then again began to move east- 
ward, at an average rate of about 5' per year, its present declination 
at Greenwich being 19* 15'' W. The rate of secular variation is not 
uniform, but is greatest near the minimum of declination, and least 
near the maximum. Over a large portion of the earth's surface, the 
declination of the needle is westerly, while in all the remainder it is 
easterly. On a Mercator's map draw two lines, the first through the 
White and Caspian Seas to Bombay and the eastern boundary of W. 
Australia ; and the second through Boothia peninsula, Washington, 
Cayenne, and Rio de Janeiro. All places between these lines of 
no variation have at present a western declination, together with a 
lar^e, oval space in the east of Asia, including Japan and parts of 
China and Siberia. In all other parts of the earth the declination is 
eastern. Lines passing through places having the same declination 
are called IsogoruU lines (from isos, equal ; gonia, an angle). 

Magnetio Inclination, or Dip, is the constant departure of the 
needle when freely suspended from a horizontal position. In the N. 
hemisphere the northern pole dips or inclines downwards, while in 
the S. hemisphere it is the south pole that dips. The inclination is 
greatest at the magnetic poles, where the needle assumes a vertical 
position. Passing towards the equator, the inclination becomes less 
and less, until a line is reached in which the needle is horizontal. 
Lines connecting places where the dip is the same are called Iso- 
dinals, which coincide in a remarkable manner with isothermals, or 
lines of equal mean temperature on the globe, thus indicating a close 
connection between magnetism and solar heat (see p. 89). Magnetic 
inclination, like declination, is subject to secular variation. The dip 
has been decreasing ever since it was first observed in 1671. It was 
then, at Greenwich, 75"; in 1820 it was 70* 8'; in 1868 it was 67* 
54'; while in 1876 it was 67* 42' — showing a rate of diminution of 
from 2'. 8, per year, to 1'.5. 

The Uarlner's Compass. — This instrument, of such infinite im- 
portance to navigators, is merely a magnetic needle delicately balanced 
on a pivot, and fixed to the lower side of a circular card, on which 
is traced a star with the four cardinal points (N. S. E. W.) and the 
twenty-eight intermediate ones. The box enclosing the card is hung 
with the ^atest exactitude, so as to insure its honzontality in spite 
of the ship's motion. This arrangement enables the helmsman to 
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peanB in the enj rf tlia 
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land journeys it hud be«u 
used by the Chinese and 
other Kaatem nations at 
least 1000 yeaw earlier. 

TlM AoTora BotmUb, or 
northern light, is now be- 
lieved to be the combined 
elTect of electricity and 
magnetism. This pheno. 
>n conaista of a lumi- 
electrical meteor, 
highly magnelic, frejjnenl^ 
ly seen by night in the 
nortliem part of the hea- 
' t great eleTa- 



tioaa. It oconra in many forms, bnt the n 
a luminous arch, whose summit is in the magnetic meridian of Ihe 
place qf obtemaHim, and from which streats of light are projected 
towards the zenith. From spectroscopic ohservations made by the 
" Scandinavian Polar Eipedition," the aurora seema to be calmed by 
the presence of minute particles of iron, carbon, and snow in the 
atmosphere. It varies in height from 40 to 160 miles above the 
earth's surface. In very hjf?h latatndea— as aronnd Hudson Str. — 
msgnificBDt auroras light up the heavens daring tlie entire cheerless 
winter ; and even as far south as Toronto, in Cimada, they have been 
observed on 261 nights in the year. It is now ascertained that, 
simultaneously with the northern aurora, phenomena precisely simi- 
lar, known as the Aurora Australu, appear around the south mag- 



TIII.— BIOLOGT. 

Biolo^ (from biot, life, and logoi, a discourse) ia the science 
of existms life in nature, -wheUier animal or vegetable, and 
embraces tnree Bubdivisiona — botany, zoology, and ethnography, 

1. Botuif (from hotane, an herb) is that branch of biology which 
treats of the form, ab-ncture, ftinctions, distribution, and clamifieation 
of plants. Unlike the animal, the vegetable kinpdom belongs to one 
great type — the Radiate— which is subdivided into Cryptoguiu, or 
noa-Sowering plants (from krj/ptoi, hidden, and gamoi, nuptiids). 
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comprising sea-weed, ferns, mushrooms, lichens, mosses, &c.; and 
Plienogams, or flowering plants (from pJiainoSy open, and gamos, 
marriage), as the pine, maple, spruce, &c. 

Number of Species. — Tne number of species presently known to 
botanists probably exceeds 120,000, of which 103,000 species are 
flowering plants, and 17,000 non-flowering ; but the progress of dis- 
covery is so rapid, and the parts of the earth's surface still uninvesti- 
gated so extensive, that 200,000 appears to be a very moderate cal- 
culation of the number of species actually existing. 

Antiquity of Species. — The geologist can demonstrate that all the 
species of the existing flora were not created simultaneously, but 
were introduced at successive stages as the surface and temperature 
of the earth became fitted for their reception. They ai*e, therefore, 
of very different degrees of antiquity ; for while they all appear to 
have been denizens of the earth ever since the creation of man, most 
of them were ushered into being prior to the time in which our ex- 
isting continents acquired their present configuration ; and a very 
few of thQm can be traced back to the earliest Tertiary ages. Those 
species are reckoned the oldest which combine simplicity of organisa- 
tion with great width of distribution, as our common grasses and 
rushes, together with mosses, lichens, fungi, and ferns ; while those 
that are confined to small areas — notwithstanding the conti^iity of 
land having a suitable climate, and their being endowed with the 
requisite means of transport — are considered the most recent. 

Centres of Creation. — Many are of opinion that all, or nearly all, 
the plants found in any particular locality, were originally created 
there. The great Swedish botanist, on the other hand, believed that 
the progenitors of all the existing plants were created in one parti- 
cular region, from which they were gradually disseminated over the 
earth's surface. Innumerable facts can be adduced by modern 
science to show that each of these hypotheses is equally untenable ; 
and most naturalists are now of opinion that there were numerous 
tptcific centres, situated in numerous and widely- separated localities, 
each centre being the birthplace of one species, or assemblage of 
species, which continues to grow there in greater perfection than in 
any other region to which, by the various transporting agents known 
to exist, it was subsequently wafted. 

Modes of Dissemination. — Many plants are possessed of means by 
which they can diffuse themselves over areas more or less extensive. 
Some have seeds with winged or feathery appendages, which enable 
them to float on the air ; other seeds are so small as to be borne by 
winds to distant localities ; very many arc transported by rivera, 
streams, marine currents, and even icebergs, to very remote regions, 
where, if the soil and cUmate be suitable, they take root and propa- 
gate their species ; while not a few adhere to the hairy coatings of 
migratory animals, or, entering into the gizzards of birds of passage, 
retain their vitality after being voided by them in distant localities. 
The agency of man has also, in all ages, been very effectual in the 
dissemination of plants ; for example, the passage of armies from one 
country to another, commerce by sea with foreign nations, tlie dis- 

Q 
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coyery of previously tmlmown lands, and the planting of colonies in 
distant regions. But all these agencies, singly or combined, cannot 
adequately account for the present distribution of the species, with- 
out supposing a multiplicity of original specific centres. 

Areas of Distribution. — In whatever way the vegetation of the 
globe was originally disseminated, its present distribution is such 
that the individual species are confined to particular portions of the 
surface characterised by a certain temperature and other climatic 
conditions. The area within which a given plant prevails is called 
its IiahitcU, or area of distribution. In or near the centre of this 
area it attains its highest development; it degenerates when far 
removed from this centre ; and when transported beyond the limits 
of the area, it langiiishes and dies. Though each species of plant 
has a nature peculiar to itself, the soil, temperature, and climatic 
conditions of the various portions of the earth's surface are so vari- 
ous, that each species finds for itself a perfectly suitable habitat 
These habitats, or areas of distribution, are of all sizes ; embracing 
ill some cases a large section of a continent, or of several continents, 
and being limited in others to the merest speck of land. For ex- 
ample, a considerable number of plants of X^orthem Europe occur 
also in Siberia and British North America ; some British species are 
found at high elevations on the Himalaya Mountains ; and one 
species — the Epilobium tetragonum — is common to Britain, Canada, 
and Tierra del Fuego. On the other hand, the Cape of GoNod Hope, 
California, and certain reci^ons of the Andes, have respectively cer- 
tain species peculiar to themselves ; as also Madeira, the Canaries, 
St Helens^ the Sandwich and Society Islands, &c. The same species 
of plant seldom occurs in widely-separated countries, however closely 
the soil and climate of both may approximate ; but similar species 
of the same genus are, in such circumstances, rarely absent, and 
these are spoken of by botanists as representative species. Thus the 
heaths of Europe are represented by other species of the genus Erica 
in S. Africa ; and the violets of ISToi'th America represent those of 
Britain, which are specifically different. 

Botanical Regions. — Various attempts have been made by botan- 
ist3 to divide the globe into certain well-defined regions, founded on 
their characteristic vegetation. Wildenow, De Candolle, Meyen, 
and especially Schouw, have distinguished themselves in this depart- 
ment of science. The last-named naturalist, about forty years ago, 
proposed to divide the earth's surface into what he calls ** Phyto- 
geographic regions." These, according to him, are 25 in number, and 
will be found at length in the author s * Manual of Modem Geogra- 
phy,* p. 54. Meyen, as modified by Professor Henfrey, divides the 
globe into eight zones bounded by mean annual isothermal lines. 1. 
Tlie Equatorial Zone, or regions of palms and bananas, bounded by the 
isotherms of 79'.3 Fahr. on each side of the equator. 2. The Tro- 
pical Zones, or regions of tree-ferns and firs, bet. the isotherms 
of 79'.3 Fahr. and 72°. 5 Fahr. 3. The Subtropical Zones, or 
regions of m3rrtles and laurels, bet. 72^5 Fahr. and 68* Fahr. 4. 
The Warm Temperate Zones, or regions of evergreen dicotyledonous 
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trees, bet. 68" Fahr. and 54\6 Fahr. 0. The Cool Temperate Zonei, or 
regions of European dicotyledonous trees, bet. 54^.6 Fahr. and 41* 
Fahr. 6. Tbe Subarctic Zone, or pine region, bet. 41* Fahr. and 
86°. 5 Fahr. 7. Tbe Arctic Zone, or region of rhododendrons, bet. 
the isotherms of 36°. 5 Fahr. and 41* Falir. 8. The Polar Zone, or 
region of Alpine plants, bet. the mean summer temperature of 41* 
Fahr. and 36°. 5 Fahr. (See pp. 30, 31.) 

Vegetation in the different Continents. — Europe does not contain 
a sihgle species of plant peculiar to itself ; yet it is, together with the 
western half of Asia, distinguished for the number and variety of its 
vegetable products, more especially for those of the greatest use to 
man. Among Food -plants, the cereals are cultivated 20* further 
north in Europe than in America, while the potato forms a highly- 
relished staple article of food for millions of people from Iceland to 
Greece. Natural forests and fruit-trees abound in central and 
southern Europe, the vine extending to lat. 60*-63* N. N^ part of 
the world surpasses southern and south-eastern Asia in the number 
of its native fruits and esculent vegetables : here also is liie natural 
habitat of many gums and resins, or medicinal and incense-yielding 
plants. Ornamental and dye woods are in endless variety, while 
the Eastern Archipelago is noted as being the "land of spices." In 
India and China, rice is extensively cultivated (one hundred varie- 
ties being produced in Ceylon alone) and forms the staple artide 
of food for one-third of the entire human race. With the exception of 
the equatorial reg[lon^ Africa has a comparatively scanty flora ; here, 
however, vegetation is luxuriant and gorgeous, though, so far as 
known, neither so rich in species nor so peculiar in form as in the 
other southern continents. Here also dense forests occur, but they are 
often interspersed with treeless regions, where tall grasses and shrubs 
are the only vegetation. North America is distinguished from 
the other northern continents by the immense size and great variety 
of its forest-trees and flowering shrubs.* The heath tribe of the 
Old World is nowhere found in the New, while on the other hand 
the entire cactus tribe is peculiar to America. Europe is indebted 
to America for maize, cocoa, manioc, potato, and tobacco ; while 
America has received from us all the other species of com, together 
with the sugar-cane, coffee plant, bread-fruit tree, and cotton plant. 
Owing to the great heat and wealth of moisture of Bonth Amexioa, 
the vegetable Kingdom attains there its greatest development. In 
the tropical region east of the Andes, the genera and species are not 
only more numerous than in any other portion of the globe, but the 
forests are more extensive, and the forms more gigantic Cacao, 
manioc, caoutehouc, tobacco, and maize, are here indigenous; bnt 
wheat, rice, sugar, coffee, and cotton, have been introduced by 
Europeans. The vegetation of Aiutralia is extremely peculiar; 
the native trees are u\ evergreens, and the forests consist chiefly 
of gum-trees, of which there are upwards of a hundred species. 
Many entire orders of plants occur only in this continent, out, on 

* In the low-lying swamps of the Qulf States the trees are draped with grey 
moss, a beautiftd parasite which is largely used in upholstery. 
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the other hand, it has scarcely an edible plant indigenous to it. The 
principal food-plants of Europe have been introduced with great suc- 
cess, while the vine, fig, orange, peach, and numerous other fruits 
flourish in the greatest luxuriance. 

Range of Plants most useful to Man. — ^The geographical distri- 
bution of both plants and animals as shown in the previous pages, 
is mainly an anair of climate ; and this holds true in an eminent 
degree with regard to those species which in all ages have most con- 
tributed to the welfare of the human race. It will therefore be 
interesting to survey the geographical range of the cereals and other 
food-plants ; plants used for clothing ; medicinal plants ; plants em- 
ployed for dyemg; and plants used for ornamental and other purposes. 

Fbod-plants. — Food sufficient for the support of human life, either 
from the vegetable or animal kingdom, is found in all climes, but 
the materiaJs employed vary exceedingly. In the Tropical Zone, 
the dietV>f the native man is almost exclusively vegetable, and is 
obtained from plants growing spontaneously. Chief among these 
are the bread-fruit tree, banana, cassava, manioc, date and saeo 
palms, arum, yams, &c. In the Temperate Zones, a consideraUe 
portion of the food consists of animal substances, but the food- 
plants require cultiyation to render them available for use. The 
native fruits and edible roots are of little value for nutriment, and 
are confined to limited areas, while the long dormant winters cut off 
the scanty supply. Hence, in this zone, wnere nature furnishes, so 
to speak, only the germs of food-plants, man is obliged constantly to 
supplement her work by forethought and intelligent labour. The 
animal food in the temperate latitudes of the Old World has, for 
ages, been chiefly derived from domesticated animals, while the 
Indian of the New World seems to have from time immemorial sub- 
sisted on fish and the produce of the chase. In the Frigid Zone, 
food -plants are almost entirely wanting, and man lives almost 
exclusively on the inhabitants of the sea. Of the innumerable 
species of plants in the vegetable kingdom, food-plants have by far 
the widest geographical range, as they extend from the equator to 
the extreme limits of the temperate zones. Many of them, as the 
cereals, are wholly dependent on the care and skill of man ; while 
others, as the potato, beet, and cabbagie, may indeed be found in 
their wild state, but so unlike the cultivated species as to be unfit 
for the table, and nnrecof;nisable except by experienced botanists. 
Food-plants are divided into four classes — the cereals, edible roots 
and leaves, fruits, and juices obtained from the stems and roots of 
certain plants. 

The Cereals. — ^Among food-plants these deserve the highest place. 
Yet they have never been found in the wild state except as mere 
grasses, and there is no trace of them in the records of geology any 
-more than of man himself. Both appear on the scene contemporane- 
ously, and in all ages each of them has been dependent on the other 
for continued existence. The cereals are idl annuals, and grow only 
from seed ; without man's assistance they cannot reproduce them- 
selves, as they require cleared ground, open spaces, and well-tilled 
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fields for their cultivation. These essentials of grain-culture the 
savage never attains to, and hence, had man been originally a savage, 
there could be no cereals in the world. The celebrated botanist Van 
Meyen, virtually affirms this when he says that *Hhe cereals must have 
preceded all civilisation. " History folly corroborates this, as it shows 
that the human race makes its first appearance in the possession of 
high intellectual powers, and that, from the very first, man knew how 
to cultivate the cereals. The principal cereals are wheat, rice, maize, 
millet, oats, barley, and rye. Of these Wlieat is the most valuable, 
and its geographical range is worthy of its importance. In Europe 
it will grow as far north as lat. 64° (on the west coast of Norway), 
and in N. America to 60°, while southwards it extends to the Tropic 
of Capricorn. It does not thrive in- tropical countries, except in 
winter ; but on the slopes of such lofty mountains as the Himalaya, 
it is cultivated on the noi-them side as high as 18,000 ft. above the 
sea. Wheat may be regarded as a sort of cosmopolite ; but rice, 
maize, and millet are the cultivated grains of tropical countries ; 
while barley, oats, and rye are confined to temperate regions. Rice 
delights in low swampy ground, where the wheat-plant languishes ; 
in geographical range it rivals that of wheat, as it extends to 35° on 
eitner side of the equator, thus covering a full half of the land surface 
of the globe, while it forms the principal article of diet to one- 
third of the human race. It is of Asiatic origin, and is extensively 
cultivated in India, China, Japan, W. Ino&es, and the Southern 
States of America : in Europe it is confined to Greece, Lombardy, 
and Yalentia in Spain. Carolina and Patna rice are the most 
esteemed kinds in the British market. Maize, or Indian com, is a 
native of the New World, and was cultivated by the ancient Peru- 
vians and Mexicans at the time of the Spanish conquest. Tbey 
also fermented it, and obtained a kind of beer from it named 
chica. It is now cultivated from Canada to Chili, as also in many 
countries of the Old World, but it was little used in Britain until 
the failure of the potato crop in 1846, when it was largely imported. 
Millet, or Durrah, is an important article of food in Egypt and tropical 
Africa, as well as Arabia and Turkey, and to a small extent in the 
United States as far north as lat. 42°. In Europe it is only 
grown south of lat. 45°. Rye grows farther N. than any of the other 
cereals, and is largely cultivated in Russia, Geimany, and Northern 
iVance, forming the principal staple of one-third of the population 
of the Continent. Barley will mature and ripen further north than 
any other grain, even as far as Hammerfest and the Faroe Isles : 
along with Bere (a coarser variety) it is extensively employed for 
malting and distilling. Though Oats will not grow so far north 
as l»rley, it thrives on poorer and thinner soil. It is extensively 
grown in Scotland, Norway, Russia, and Germany, and is distin- 

faished above all the cereals for the quantity of gluten it contains, 
eing nearly double that of wheat. 

Edible Roots and Leaves. — Next in importance to the cereals as 
articles of human sustenance come the esculent roots and leaves, 
the principal of whicb are the following i the potato, forming the 
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highly-relished food of millions of people in European and other 
temperate latitudes ; the yam and sweet potato, grown in intertro- 
pical countries, where the common Irish potato wul not thrive ; the 
tapioca of commerce, obtained from the root of the bitter cassava ; 
and arrowroot from the roots or tubers of various tropical plants ; 
while beet, onion, leek, garlic, radish, squash, carrot, and turnip, 
are cultivated for the most part in temperate countries, and the 
cucumber, melon, gourd, pumpkin, and cahibash, in tropical iiegions. 
Important for yielding edible leayes are the cabbage, artichoke, 
cauliflower, broccoli, and spinage. Among pulse or leguminous 
plants may be mentioned peas, beans, and lentils. 

Plants sapplylng Beverages. — Foremost among these is the 
tea-plant, a native of South-£astem Asia, and largely cultivated 
in China and Assam ; the coffiM-plant, a native of Abyssinia^ the 
seeds or berries of which are ground and infused ; in the Eastern 
Archipelago an infusion of the coffee-leaf is a common beverage; 
Obioorj-root, eztensivelv grown on the Continent, is used for acml- 
terating coffee ; cacao, the kernels of whose seeds supply the cocoa 
of commerce, which, when mixed with the seeds of the vanilla, 
produces Chocolate ; and the maguSy peculiar to Mexico, the sap of 
which is named ** pulque ** and drunk as a refreshing beverage both 
there and in Central America : it is like cider, and when sufficiently 
"hard" is intoxicating; the yerba matd, or Paraguay tea, which ^ws 
spontaneously in the forests of that country, and the use of which is 
universal in S. America. 

Trees supplying staple Articles of Food.— Chief among these is 
the artocarpos, or bread-fruit tree ; banana, or plantain (forty-four 
times more fruitful than the potato) ; baobab, or monkey - bread 
tree, the largest knowii tree ; bamboo, every part of which is 
utilised ; oocoa-nnt palm,* date palm, and sago palm, the pith 
of which supplies the sago of commerce ; maple-tree and sngar- 
oane, famisnmg sugar (but sugar may also be obtained from many 
other plants containing starchy matter, as beet, &c) ; the ollYO, so 
famous for its oil, which in southern Europe is laigely used as an 
article of diet ; and oarob, or St John's Bread, common to all the 
countries washed by the Mediterranean. 

Trees yielding choice Fruits. — ^The principal of these are the 
vine, fig, orange, pomegranate, guava, citron, lemon, apple, pear, 
peach, &c. 

Marcotio Plants nsed as Luxuries. — Chief among these are 
tobacco, largely consumed in Europe and America, to which latter 
country it is mdigenous ; but according to the celebrated botan- 
ist Mejren, one species of this plant has been in use among 
the Chinese and other oriental nations from time immemorial ; 
opium, extensively cultivated in India, Persia, and Turkey, and im- 
ported in vast quantities by the Chinese, &c. ; haschlsch, or Indian 
hemp, said to surpass the former in its intoxicating effects, is largely 

♦ Palms are the most useful and beautiftil of trees : tliey supply man with 
clothing, food, intoxicating beverages, shelter, and weapons. In the New World 
there are AiUy 60 varieties which are unknown in the Old. 
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employed by the Toi'ks and Arabians. Betel-nut and betel-pepper, 
masticated generally by the natives of India and the South-Eastern 
Archipelago ; oocoa-leaf, which has from a very remote period been 
the delight and support of the Indians of South America ; tonga, a 
strong narcotic drink, prepared by the Indians of the Andes from 
the fruit of the red thorn-apple ; the hop plant, reared extensively 
on the Continent and in America, but chiefly in England, which not 
only grows but consumes more than all other countries together. 
In shoil; there is no nation, either ancient or modem, which has not 
had its own peculiar narcotic, and none so remote or savage which 
instinct has not led to successfully employ this form of indulgence. 

Medidnal Flante. — The most celebrated of these are such as yield 
quinine, jalap, sarsaparilla, belladonna, gamboge, rhubarb, castor-oil, 
croton, aloe, liquorice, &c. 

Ornamental and Sweet-scented Woods. — These are conflned for 
the most part to the torrid zone, and embrace ebony, rosewood, 
mahogany, walnut, sandal-wood, thyine-wood, cedar, aloe, camphor- 
tree; besides which there are several fragrant resins, such as frankin- 
cense, myrrh, benzoin, and storax, with various odoriferous volatile 
oils, as the balsams of Peru and Tolu, and. spikenard from the 
jcUamami, 

Spices, Ferfomes, Gums, &c.— The most important are cloves, 
nutmegs, allspice, pepper, ginger, capsicum, caraway, cinnamon, 
anise, mint, cumin, vanilla, tonga -beans, attar of roses, eau-de- 
Cologne ; oils of bergamot, lavender, and other essences ; gum-senegal, 
obtained from the mimosa, manna from the ash and n'om the eu- 
calyptuSf or Australian gum-tree, &c. 

Dyes and other useful substances obtained from trees and plants 
are logwood, indigo, niadder, red sandal-wood, Andaman red-wood, 
woad, laburnum, saffron, and annotto ; pitch, tar, oil, wax, caout- 
choiic, turpentine, potash, resin, varnish, cork. 

Trees supplying timber for shipbuilding, &c. Chief among these 
are teak, oak, live-oak, pine, kauri-pine of New Zealand (which fur- 
nishes spars for the Royal Navy), palm, cypress, fir, maple, yew, 
banyan, ash, elm, &c. 

Remarkable Trees. — Amongst the most conspicuous of these is the 
cow-tree of S. America, which yields a juice very like milk in its 
properties ; the tallow tree, the fatty matter of whose seed is used 
by the Chinese for making tallow candles. 

Plants used for Textile Fabrics. — The most important of these is 
cotton, which will grow and mature at a moderate elevation any- 
where between 87^° N. and S. of the equator, thus embracing more 
than half the earth's surface. As yet, however, its cultivation has 
been chiefly confined to the southern tier of the U.S. of America 
(which produces the celebrated variety known as ** Sea Island " 
cotton), Brazil, India, Egypt, the E. and W. Indies. Next to cotton 
comes flax or lint, which is a native of E. and S. Europe, but grows 
in most parts of the world. It requires, however, a cool temperature 
for the perfection of its fibre, so that its cultivation in troi)ical 
countries is chiefly for the sake of its seed, so valuable for the oil it 
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yields, while the refuse is used for making oilcake. Of the varions 
textile fabrics, that of linen is the most ancient ; it is made of the 
ftbrous bark of the plant The greater part of the flax imported into 
Britain comes from Russia, but the finest varieties are produced in 
Holland and Belgium, being delicate enough to yield thread for mak- 
ing lace. New Zealand flax is a tenacious fibre much used for cord- 
age, and obtained from the sword-shaped leaves of the Phormium 
tcnax. Hemp is the fibrous bark of another plant, extensively culti- 
vated in continental Euro|)e and many parts of America. It is used for 
the mnf. of ropes, cordage, sail-cloth, canvas, &c. The Son-hemp of 
commerce is the fibre of a leguminous shrub, grown in the East Indies. 
Manilla hemp is the long fibre of the banana and plantain, while 
coir is the coarse woody fibre of the cocoa-nut husk, which is now 
extensively employed for the nmf. of matting. The beautiful grass- 
cloth, in the making of which the Chinese excel, is obtained from the 
fibre of a plant nearly allied to the common nettle. But, after flax 
and hemp, the most useful fibre is Jute, imported in vast quantities 
by Dundee and other towns, where it is extensively employed in the 
mnf. of carpets, ornamental matting, sacking, and many other 
articles. It is nearly allied to the lime or linden tree, from the 
inner bark of which Archangel mats are made. 

2. Zoology (from zoon, an animal) is that branch of biology 
which treats of the structure, habits, classification^ and distri- 
bution of animals. Naturalists divide the Animal Kingdom 
into five subdivisions, according to their diflferent types of 
organisation : — 

(1.) The Vertehrates (from verto, I turn), having a jointed iutenial 
skeleton and separate cavities for the nervous oord and vispera, as in 
mammals, birds, reptiles, and fishes. (2.) The Articulates (from 
a7'tu8, a joint), which have no internal skeleton, but consist of a 
series of joints, and possess but one general cavity for the nervous 
cord and viscera, as in insects, crustaceans, and worms. (3.) The 
HoUusks (from mollisj soft), whose structure consists simply of a soft 
fleshy ba^ containing the stomach and viscera, as in the oyster, snail, 
cuttle-fish, &Q, (4.) The Badlates (from raditis, a ray), which have 
their structure arranged round a vertical axis, as in the star-fish, 
jelly-fish, and polyp. And (5.) The FrotOKoans (from protos, first, 
and zoe, life), which are mostly microscopic, and are the lowest and 
simplest forms of animsd life. They consist of one or more cells, each 
one of which is capable of a separate and independent existence, as 
the rliizopods (from rhiza, a root, and pous, poaos, a foot), so called 
from the root-like processes which they extend. 

Numher of Animals. — The barriers in the way of obtaining accu- 
rate statistics of the number of animal species are even greater than 
in the case of plants ; and naturalists accordingly vary greatly in 
their estimates, not only of the probable number presently existing, 
but also of the known and described species. This statement need 
not excite surprise when we consider tha,t many regions of the globe 
remain almost wholly unknown, while others have been but imx)er- 
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fectly explored ; that whilst the habitat of x^lants, when once dis- 
covered, can be visited and revisited by the botanist at pleasure, the 
great majority of animals are endowed with the powers of locomo- 
tion, and evade the pursuit of man ; that myriads of species are too 
minute to be seen by the naked eye, while others are too fleet or too 
formidable for hems accurately observed ; that age and sex produce 
such changes in their appearance as often to render it doubtful 
whether or not the species are identical ; that many of them have 
their home in the depths of the ocean, or conceal themselves in the 
sand on the sea-shore ; while others seek shelter in the impenetrable 
recesses of the forest, or in inaccessible mountain-cliffs. M. Agassiz, 
the late eminent Swiss naturalist, estimated the total number of 
hnouon species^ including insects, at 250,000. But omitting from our 
reckoning the innumerable hosts of protozoans and insects, the follow- 
ing may be taken as a tolerable approximation to the existing num- 
ber of species in the various suboivisions of the animal kingdom : 
Vertebrates, 20,000 ; Articulates, 6000 ; MoUusks, 20,000, and 
Radiates, 6000 — toted, 50,000 species. According to Johnston's 
'Physical Atlas' the number of Known manmials is 1967; birds, 
8000 ; reptiles, 1600 ; and fishes, 8000— total, 19,567. 

Distribution of AnlmalB. — Though animals are endowed with the 
power of voluntary motion, and are therefore more capable than 
plants of transporting themselves from one region to another, various 
causes combine to limit the actual extension of individual species. 
Difference of climate, and the greater or less facility of jprocurinff 
subsistence, are among the foremost of those causes ; while in regard 
to land-animals, arms of tlie sea and elevated mouutain-chains pre- 
sent formidable barriei-s to migration. In numerous instances, how- 
ever, we can trace the operation to no secondary cause, and little can 
be advanced beyond conjecture as to the way and manner in which 
a large proportion of the species came to be located in the precise 
regions where they ai-e found, except by human agency and by 
floating icebergs (p. 72). In no other way can science satisfactorily 
solve the question how quadrupeds, for example, and other animals 
incapable of crossing arms of the sea, have found their way to islands 
situated in mid-ocean. 

Restriction of certain Animals to i>artlCTilar Spots. — Owing to 
peculiarities of climate, soil, and food, some animals are confinea to 
particular tracts : thus the reindeer and hamster are confined to the 
extreme nortli of Europe ; the wild boar and European lynx roam 
over the Continent ; the aurochs, the Caucasus and the Russian crown 
forests ; the chamois and ibex, the Alps ; and the marmot, the Alps and 
Pyrenees. The yak. Cashmere goat, Pamir sheep, burrhal, and musk- 
deer are common to Central Asia ; the royal tiger to Southern Asia ; and 
the gavial to the waters of the Ganges. The spotted and villose hyaena, 
quagga, and Cape buffalo are confined to South Africa ; the giraffe, 
eland, gazelle, gnu, springbok, civet, zebra, and wart-hog are found 
only in Africa ; while hippopotami frequent the African rivers. Com- 
mon to Asia and Africa are the lion, elephant, striped hysena, leopard, 
panther, rhinoceros, zebu, camel, ichneumon, and the common croco- 
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dile. The lemur is confined to Madagascar ; and, with one exception 
(the Barbary ape), monkeys to the torrid zone. Chameleons are 
distributed over the Old World (including Australia), but do not 
occur in America. The musk-ox inhabits the coldest parts of North 
America ; and the Canadian stag and buffalo or bison the temperate 
portions ; the grizzly bear is a native of the Rocky Mts. ; while the 
llama, alpaca, ocelot, prehensile - tailed monkeys, ammdillo, and 
vampire - bat are peculiar to South America. Common to both the 
nortnem and southern continents of the New "World are the puma, 
jaguar, racoon, skunk, peccary, tapir, sloth (chiefly S. American), 
porcupine, alligator, and rattlesnake. The elk or moose-deer and 
glutton live in the extreme north of £urope, Asia, and N. America ; 
and still further north roam the arctic fox and polar bear ; while 
to Oceania are peculiar the kangaroo, omithorhynchus, &c. Amons 
marine animals we find the common or "right" whale, seal, and 
walrus restricting themselves to the Arctic seas ; while the sperma- 
ceti whale and shark prefer the warm waters of the torrid zone. The 
pearl oyster is confined to the Indian seas ; the green turtle to the 
tropical seas of America ; and the coral insect to the waters of the 
torrid zone, where the mean temperature is never below 68" Fahr, The 
herring, cod, and salmon, however, mature best in temperate latitudes. 

Birds.— The ostrich confines itself to Africa and Arabia, while 
mocking-birds and toucans are pre-eminently American ; indeed the 
condor (the largest bird of prey), the rhea, the hang-nests, and the 
humming-birds (so celebrated for the metallic lustre of their plum- 
age, and some of which do not weigh 20 grains when alive) are ex- 
clusively South American. To Oceania belong the emeu, which 
nearly equals the ostrich in bulk, the anomalous apteryx of Kew 
Zealand, all bower-birds, the singular lyre-bird of Australia, and the 
laughing-jackass, whose song resembles a hysterical laugh ; while 
the birds of paradise, which take the first rank among the feathered 
glories of creation, are natives of New Guinea and the adjoining 
islands. Parrots, weaver and sun birds are denizens of the torrid 
zone ; while hornbills and hoopoes are distributed over many parts 
of the Old World. 

Tbe Geographical Range of the Domestic Animals. — Most of our 
domestic animals, such as the cow, horse, ass, sheep, and hog, are 
found wherever the grains and grasses grow ; the elephant is nearly 
confined to the equatorial regions of the Old World ; the camel and 
dromedary to the dry countries and sandy plains of the N. temperate 
zone ; the llama to the Andes of Chili and Peru ; the reindeer to the 
Arctic regions ; the yak to the mountains of Tibet ; while the dog is 
the faithful companion of man in every habitable region of the earth. 
The anatomical structure of the camel adapts him to desert and sandy 
countries, where the supply of wood and water is so scanty that other 
beasts of burden cannot traverse them. It is a curious fact that in 
the New World, where there are no such deserts, no camels are to 
be found. The llama is the camel of the American continent, and 
the only beast of burden employed by the natives at the time of its 
discovery. It is peculiarly fitted to climb the snowy heights of the 



BIOLOOT. 107 

Andes, where the camel would be of no use. Its habitat in its wild 
state is close to the snow-line, where the atmospheric pressure is not 
more than 8 or 10 lb. on the square inch. The domestic animals 
of Europe, unless possibly the sheep, have been introduced from 
central and southern Asia. 

Animal Ufe in tbe different Continents. — Of the seven orders of 
land-animals, two (the Pouched and ToothUfis) are entirely absent in 
Europe, while other two (the QiuidruTnana and Packydermata) are 
each represented by a solitary species — viz., the Barbary ape, in- 
habiting the Rock of Gibraltar, and the wild boar, a denizen of 
central and southern Europe. The Camivora or flesh-eating animals 
are well represented in this continent, while it (with the exception of 
tropical America) contains a greater number of birds than any other 
zoological kingdom. Its reptiles, however, are all of insignificant 
size as compared with the gigantic crocodiles, alligators, and boas 
of the other continents. All the seven orders of land-animals are 
found in Asia ; it is the great home of the highest of them, though 
their species are less numerous than in Africa, while it furnishes a 
greater number of animals capable of domestication than any other 
continent. It contains one-third of all known quadnipeds, while 
birds and reptiles are very numerous, and insects of large size and 
brilliant tints abound. Africa is eminently rich in the variety and 
high development of its animals. More than one - fourth of the 
known matmncUia are found in this continent, while no fewer than 
399 species are peculiar to it. Its camivora, including the lion, 
leopam, panther, and hysena are highly ferocious and formidable to 
man, but the tiger is nowhere found. The hippopotamus and giraffe 
are found nowhere else ; the elephant and rhinoceros differ from those 
of Asia; while gorillas and chimpanzees inhabit the forests of the west. 
The ostrich is the most remarl^ble of its birds, the crocodile of its 
reptiles, and the locust and tsetse-fly of its insects. The whole list 
of savage quadrupeds, so common in the Old World, are unknown in 
America, while its own carnivora are of inferior size and fearful of 
man ; bat while the great majority of the species differ from those 
of the eastern hemis^ere, they frequently resemble them in form. 
Thus the puma, jaguar, ocelot, llama, condor, rhea, and alligator 
of the New World, represent the lion, tiger, leopard, camel, eagle, 
ostrich, and crocodile of the Old. The humming-bird, so remarkable 
for the beauty of its plumage, is confined to the New World ; and 
the toucan and condor are natives of South America. The animals 
of Australia and all Oceania are the most peculiar in. the world. 
Of the seven gre^t orders, three, the Quadrumana, Muminantia, and 
Packydermata are wholly wanting, while the Marsupialia or pouched 
animals are nearly all confined to that continent. Its largest and 
most characteristic animal is the kangaroo ; while the most anomalous 
is the omithorliynchus or water-mole, which has the bill and feet of a 
duck, the body and far of a mole, and the internal structure of a 
reptile, which lays eggs like a bird, and suckles its young like a 
mammal. The songsters and gallinaceous birds are almost entirely 
wanting ; but parrote of every hue, birds of paradise, and the beauti- 
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ful lyre-bird are numerous. The apteryx still exists in New Zealand, 
but the dodo has become extinct 

Extinct Spedes of Animals. — ^Among these we may note the moa 
or dinomis {deinoSf terrible ; and omis, a bird), of New Zealand, 
which was from 10 to 12 feet high ; the aepyomis of Madagascar, of 
equal height, and the eggs of which were 18i inches long ; also the 
solitaire and dodo of the Mauritius and adjoining islands, which have 
not been seen for two centuries. The Siberian manatee, and the 
great-auk of the North Sea, are likewise supposed to be extinct. 
The American buffalo is now seldom seen east of the Missouri, while 
the aurochs of Europe is confined to the Caucasian Mountains, and 
to the Russian imperial forests. 

The Relation between Flants and Awimiiia — Vegetation forms 
the indispensable,link between animals and inorganic nature. Plants 
alone have the power of transmuting the dead earthy matter into 
forms which the animal can take up and live upon. The atmosphere 
is composed of certain gases, some of which the plants receiye into 
their structure, while the animals consume the others. Water is 
also essential to the life of a plant, but the principal ingredients of 
its food are derived from the atmosphere — ^yiz., carbonic su^id, oxygen, 
and nitrogen, together with a litUe earthy matter derived from the 
soil, consisting mainly of compounds of potash, lime, and soda. 
When we bum a tree, we soon reduce it apparently to a small heap 
of ashes, the weight of which is trilling when compared with that of 
the tree. The part, however, which has disappeared has not been 
annihilated, it has simply been converted into gas. The gas can be 
collected in a vessel and weighed, when it will be found that the 
combined weight of the ashes and gas is precisely equal to the weight 
of the tree. This is an interesting fact ; but there is another fully 
as interesting — the part that has disappeared in burning is almost 
exclusively the portion which the tree derived from the atmosphere, 
while the ashes represent mainly what it derived fi-om the soil. The 
ashes, however, contain a little charcoal, which is nearly pure car- 
bon. This carbon did not come immediately from the soil, out from 
the carbonic acid gas ever present in the atmosphere. The plant has 
the power of separating the carbon from the oxygen, and of convert- 
ing the former into wood, while the latter is allowed to escape as 
refuse. Thus a portion of the atmosphere is daily decomposed by 
every living plant, one part being converted into vegetable tissue, 
and the other set at liberty to perform other important functions. 

How the Equilibrium of the Atmosphere Is maintained. — It is cal- 
culated that carbonic acid gas forms only -gtW of the atmosphere, yet 
out of this reservoir the whole vegetable world is supplied with its 
principal aliment The leaves are the organs mainly concerned in de- 
composing the carbonic acid into its constituent elements, carbon and 
oxygen — ^the one of which is employed in building up all the trees and 

Elants of the world, while the other is needed for respiration, com- 
ustion, and vegetable decay. All animals require it for breathing, 
fires require it to feed their flames, and thus plants and animals sup- 
plement each other in the economy of nature. The plants, however. 
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that throw out oxygen, and the animala that take it in, are often far 
removed from each other : the animals of the northern hemisphere 
far outnumber those of the southern, and consequently require 
larger quantities of oxygen. Plants are asleep in winter, and there- 
fore throw off oxygen, and the innumerable fires kept burning at 
that period of the year in the northern zones, are all, with many 
others that might be specified, causes of great inequality in the 
amount of carbon and oxygen existing at one time in any given 
locality ; but it is the office of the winds to restore the equilibrium : 
they establish a circulation in the atmosphere ; they carry off the 
excess of gases from places where they ai-e not wanted, and deliver 
them over for use in localities where they are needed. 

Chief ikgents In effecting the EqulUbrinm. — Insects number more 
than 100,000 species, each of which contains numberless individuals. 
Their agency in the economy of nature has ever been of extreme im- 
portance, especially in bringing the crust of the earth into its present 
condition, and fitting it for its present inhabitants. In addition to 
this, however, the task has been assigned them of preserving .the 
necessary equilibrium between plants and animals, so as to prevent 
either of them from obtaining an undue predominancy over the other. 
Most insects are ?ierbvvor<mSy and almost every plant has some pecu- 
liar insect quartered upon it. The common nettle, for instance, is 
said to be the home of no less than 40 different species. Some in- 
sects appear to be necessary to the continued existence of the plants 
thev inhabit, by conveying from the male to the female plant the 
pollen which engenders fructification ; while other insects are mere 
parasites, devouring the leaves and blossoms, and thus precipitating 
decay. Generally speaking, when plants of a certain species be- 
come excessive, the insects that prey on them are found to multiply 
still more rapidly, and thus the indefinite increase of such plants is 
checked. Other insects, again, are camivoroitSf and when tne herb- 
ivorous ones unduly multiply, the carnivorous species prey upon 
them and' prevent them multiplying indefinitely. Thus, by prevent- 
ing the vegetable kingdom from gaining too much and destroving 
the animal, insects play an important piurt in the wonderful mecnan- 
ism of nature, while one section of them also forms a necessary check 
on the other. Comparatively few insects, however, have been util- 
ised by man. The Spanish ny enriches his pharmacopoeia, the silk- 
worm and honey-bee eke out his food and raiment, ana the cochineal 
insect he employs as a dye. 

The part assigned to the feathered tribe, in the machinery of 
nature, is far inferior to that of insects. Birds are great fertilisers of 
the soil, especially in new lands, and to them we are indebted for our 
Talnable deposits of guano. They have also assisted in conveying the 
seeds of plants from one country to another, and certain islands, 
more especiaUv coral islands, are indebted to birds for the first rudi- 
ments of their soil and for their flora. Birds, like insects, are 
divided into two main divisions — the herbivorous and carnivorous — 
and it seems to be the office of birds and beasts of prey, as well as of 
the carnivorous insects, by their great powers of destruction, to pre- 
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vent the nndae increase of the (j^aieter and less ravenous species that 
feed on vegetation. Thus ^e lion and tiger T>rey upon tne ox and 
horse ; the eagle and condor on the deer and llama ; the harpy eagle 
on the sloth ; and the tiny spider on moths, bees, and beetles. 

Idfa in the different Zones. — Owing to the stimulating rays of a 
vertical sun, vegetation attains its greatest development in the torrid 
zone ; and (as has been already explained) so dependent are plants 
and animals on each other, that wherever vegetable life is most 
varied and luxuriant, there animal life is also most exuberant in 
size, number, strength, and beauty. IVith the decreasing amount of 
light, heat, and moisture, a gradual declension takes place in the 
variety and perfection of the ^pes as we proceed from the equator to 
the poles. In the Torrid Zono, vegetation is remarkable for the 
abundance of genera and species, the magnitude of individual forms, 
the vast extent of primeval forests, the numerous climbing and para- 
sitical plants, the great development of foliage, and the number of 
large flowering trees. Ferns here rival the trees in size and beauty, 
aromatic shrubs and delicious fruits abound ; while reeds and grasses 
attain Uieir greatest proportions, palms of eveiy variety, bananas, 
banyans, rice, manioc, cotton, coffee, sugar-cane, ornamental^ and 
scented woods, spices, &c. — ^in short, the greatest variety and num- 
ber of food-plants, and of those which contribute to the luxury of 
man — are natives of this zone. This is also the chosen home of the 
most powerful beasts of prey, as the lion, tiger, panther, ftc. ; of apes 
and monkeys ; of the elephant, rhinoceros, and hippopotamus : here 
reptiles and insects of all sizes and hues abound, and here the orni- 
thology exceeds in strength and splendour that of any other zone — 
that of South America alone comprising 624 species, or one-twelfth 
of all known birds. The shark is also a native of this zone, and the 
sperm whale is confined to the tropical areas of the Pacific. The 
Warm Temperate Zone. — Here the choicest varieties of the vine and 
other delicate fruits abound. The trees — such as the live-oak, 
rajrrtle, laurel, mulberry, oHve, &c, are all evergreens, but continue 
dormant through the winter. Antelopes and camels are the most 
characteristic animals of this zone. In the Temperate Zone, where 
the sun's rays are more oblique, the trees are deciduous and the 
forests less dense (though, as in North America, occupying vast areas 
and containing stately trees), while the foliage and flora are less 
luxuriant. Hemp, flax, and tobacco are natives of this zone ; but tiie 
food-plants, though numerous, require cultivation to make them 
valuable to man. The ruminants—such as the ox, elk, stag, and 
deer— characterise this zone ; here, also, is the home of most of the 
domestic animals, and of those insects which contribute most directly 
to man's comfort Oold Temperate Zone.— Here dark forests of 
coniferous trees, such as the fir and pine, abound^ and here also the 
hardiest of the cereals (oats, barley, rye) are brought to perfection. 
The most conspicuous animals are the great moose and brown bear, 
together with the beaver, sable, ermine, mink, &c. Birds and 
reptiles are monotonous and sombre in colour, and many of the former 
migrate in winter to warmer climes. Arctic Zone. — The vegetation 
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here consists of but a few stanted varieties of willow, birch, and pine 
in the lower latitudes, and mosses and lichens in the higher. The 
reindeer, musk-ox, polar bear, elk, and smaller furry animals are 
innumerable, but reptile life is unknown. The Arctic seas are the 
headquarters of the most gigantic cetctcea, such as the ** right " whale, 
walrus, seal, &c. 

3. Ethnography. — Man, from the perfection and beauty of 
his bodily organisation, and from the order of time in which he 
was called into existence, occupies the apex of the vast pyramid 
of animal life. Of all animals he only walks erect, his eye re- 
Hecting earth and sky, and his look glancing freely over that 
world in the midst of which he lives and reigns. Over his 
whole form there is an air of more than material beauty, the 
reflection of a soul infinitely rich in thought and emotion ; 
while by possessing an immortal spirit he is raised immeasur- 
ably above material things, and separated, as by an imnassable 
gulf, from all other animals. In common with these, ne is, to 
some extent, subject to the influence of external circumstances, 
though in a less degree than an;^ other species. His superior 
intelligence, and the pliancy of ms constitution, fit him to be- 
come tne denizen of all countries, and all varieties of climate, 
from the scorching heat of the tropics to the rigorous cold oi 
Arctic latitudes. His geographical distribution, accordinglv, 
differs from that of all other organic beings, and man is the only 
true cosmopolite. Of the vast number of countries brought to 
the knowledge of Europeans by modem discovery, very few 
were found uninhabited ; the principal exceptions being Ice- 
land, Spitzbergen, and Novaia Zemlia; Madeira, the Azores, 
and St Helena ; the Falkland Isles, the Galapagos, some minor 
groups in Polynesia, and the inhospitable regions around the 
South Pole. 

Unity of the Species. — Man is of only one species, and the so- 
called races of men are mere varieties of the same species, differing 
less from each other than do the varieties of many other animals ; as, 
for example, the dog, the horse, the sheep, and the domestic fowl. 
Science and Revelation alike proclaim this fundamental truth : the 
one, by establishing an identity of anatomical structure between the 
races, the same period of gestation, the same instincts, longevity, 
and diseases, the same mental and moral character, and the fertility 
of offspring arising from intermixture of blood : and the other, by 
declaring tnat in one man was the germ of the whole human family ; 
that the m^Tiads of men that now people the earth, after the lapse of 
a hundred and fifty venerations, are all brethrenf united together by 
the closest ties ; and that the universal depravity and death which 
have their root in the common ancestor of all, are more than counter- 
balanced by the obedience and sufi'erings of his glorious Descendant, 
whom every human being can claim as his near kinsman. 
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Origin of Races. — Yet in all agea and conntries the individuals of 
the human family have presented numberless diversities of appear- 
ance ; and though all are specifically identical, every member of the 
family exhibits his own proper indivvdualUy — that is to say, certain 
characteristics of physical organisation and of mental disposition 
that distinguish him from every other individual of the species. For 
Man is a complex being, and embraces within him a world of diverse 
elements, that rival, in their various riches, the world of external 
nature. These elements are capable of combination in infinitely 
varied proportions. In one the soul predominates, in another the 
body ; here the nervous system bears rule, there the arterial ; here 
the affections, there the understanding. The laws and the causes, 
however, that determine these combinations, are to us a secret ; for 
individuality is a mystery of life, the stamp of the Creator. This 
much, however, seems certain, — viz., that while the distinctive char- 
acter of the soli never fails to manifest itself very perceptibly in the 
entire physical oiganisation — especially in the form of the head and 
in the physiognomy — ^the influence of external nature, of the family, 
of society, of habit, and of education; is but of secondary importance, 
tending merely to modify the original individuality. Yet, by a con- 
stant and unvarying repetition, carried on through a long series of 
generations, even the latter influences may produce very important 
effects ; though never to the extent of eradicating the outlines of this 
individuality, which, notwithstanding the constant intermingling of 
blood by marriage, perpetuates itself for ages from father to son, in 
the same family, every member of which resembles, both in tempera- 
ment and physical organisation, some one or other of his ancestors 
or blood relations. Accordingly we find that, from the earliest dawn 
of history, mankind has been divided into races, and organised into 
nations ; and it is one of the first lessons of Revelation that with 
this division human design and human choice had nothing whatever 
to do, — that it was exclusively the work of the Creator; with nature 
to aid in its accomplishment, — and that these races and nations were 
distributed over the earth's surface according to a definite plan, in 
which each had assigned to it its proper part in the progress of 
events. Each region, moreover, strengthened and modified the 
character of the race that was conducted into it ; and thus national 
characteristics, which become more and more marked as generations 
succeeded each other, attained at length such a degree of fixedness 
and inflexibility as has enabled them to traverse the ages of histoiy, 
and encounter the most opposite influences, without undergoing any 
radical change. 

Dispersion of Nations. — ^Thd precise locality in which the disper- 
sion of nations originated, and the precise date at which it took 
place, are not easily determined ; but there can be no doubt that we 
must look for the former to Western Asia, and for the latter to the 
fifth generation after the Deluge. Asiatic Turkey, situated in the 
centre of the Old World, and midway between its four great oceans, 
has been twice the cradle of mankind, and still remains the region 
in which the human form attains its highest perfection. Here Noah 
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with his family, the sole survivor of that great catastrophe which 
swept away the inhahitants of the antedihivian world, took up his 
destined ahode ; and here his three sons — Shem, Ham, and Japhcth 
— like branches cut from the same tree, took root and flourished, 
containing within themselves the germs of the three great races, and 
of all the minor varieties, that subsequently peopled the earth. The 
distinctive characteristics of the ancestors were indelibly impressed on 
their respective descendants : thus spiritual and religious tendencies 
predominated in the offspring of Shem ; the sensual and corporeal in 
those of Ham ; while the nations that sprang from Japheth have 
been no less remarkable for their fuller development of all the powers 
of the mind. Accordingly, when the set time for the great disper- 
sion arrived (b.o. 2550, according to W. Osburn), Ham and Japheth 
wandered far from the ancestral home, in quest of abodes congenial 
to their respective natures ; while Shem retained possession of the 
paternal altars, became the custodier of the one true faith, and the 
ancestor of that promised Seed of the Woman in whom all rations 
of the earth shall yet be blessed. Kegarding this distribution from 
another point of view, we observe a curious and remarkable anomaly ; 
for while all the other types of animals, as also of plants, go on de- 
creasing in perfection from the equator to the poles, man presents to 
our view his most perfect type at the centre oi the north temperate 
zone, in the mountain regions of Iran and Armenia ; whereas, depart- 
ing from that region, whether to the north, south, or east, the types 
gradually lose their symmetry, till, at the remote extremities of the 
continents, we fmd the most deformed and degenerate races. 

Number and Chaxacterlstlcs of Races. — Modern ethnography 
classifies the numerous nations that people the globe into three 
primary races — viz., the Caucasian, or white and bearded race ; the 
Mongolian, or tawny and beardless race ; and the Negro, or black - 
skinned and woolly - haired race. These are confined to the Old 
World, and correspond, with certain limitations, to its three conti- 
nental divisions : the Caucasians occupying nearly all Europe, south- 
western Asia, and the north of Africa, and extending from Iceland 
and the Atlantic to the Ganges and Brahmaputra, and from the 
Arctic Circle to the Tropic of Capricorn ; the Mongolians peopling 
all the rest of Asia, together with certain isolated localities in cen- 
tral and northern Europe ; and the Negro race, the whole of conti- 
nental Africa south of the Tropic of Cancer. In addition to these 
there are several minor varieties, inhabiting Oceania and the New 
World, and probably originating in the intennixtures and modifi- 
cations of the three primary races : as the Malayans in Malaysia 
and Madagascar ; the Papuans in New Guinea and New Hebrides ; 
the Maoris or Australians in Australasia; and the Americans, or 
aboriginal inhabitants of North and South America. The more 
prominent characteristics of the principal races are the following : — 

White or Caucasian Kace. — The skull symmetrical, of great capacity, 
and well poised ; face oval, and features moderately prominent ; noso 
narrow; eyes lai^e, but mouth small, and the lips gracefully curved; 
skin varies in colour with the climate from white, with ruddy cheeks, 

H 
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in the European, to light brown in the Hindu and Egyptian. Stature 
tall and graceful, muscular strength great, intellect highly developed ; 
languages polysyllabic, copious, and highly inflexional. This type is 
divided into two branches — the Aryan, Indo-European, or Japhetic 
branch, and the Syro- Arabian or Semitic branch. (See Author's * ' Manual," 
pp. 86, 358.) 

Kongolian Kace. — Head round, and narrow at the top; face flat, with 
prominent cheek-bones, low forehead, and obliquely set eyes ; stature 
short, and skin yellow. Intellect moderately developed, but shrewd, 
sagacious, crafty, and insincere. Languages inartificial, limited in range 
of literature, and divided into two principal families — ^the monosyllabic, 
which is destitute of inflexions, and the Turanian or Finno-Tartarian, 
which is slightly inflexional and phonetic. (" Manual," p. 356.) 

Kegro or Ethiopian Race. — Head narrow and elongated backwards ; 
forehead convex, retreating, and narrow ; nose broad and flat ; cheek- 
bones prominent ; both jaws much elongated, with the front teeth of the 
upper turned obliquely forward ; lips very thick; hair crisp and woolly; 
stature of average height. Intellect without depth or comprehensive- 
ness, but acute and perceptive. Languages agglutinate, slightly in- 
flexional, but one stage removed from the simplest monosyllabic, and 
without a written literature. 



IX.— GEOLOGY. 

Geology is the science which treats of the earth's structure 
and system of development, including its progress in physical 
conditions, as its gradual cooling (see p. 21), the formation of 
minerals and rocks on its surface (Lithology), and its ancient 
life history {Paleontology), We have specially to consider three 
things— minerals, rocks, and fossils. 

1. Minerals. — The sixty- five constituent elements forming 
the earth's crust are, in general, characterised by a strong affinity 
for each other, disposing them to form compound bodies, each 
of which possesses properties widely different from those of its 
constituents. These compounds are termed minerals, and the 
science which treats of their forms, composition, and other pro- 
parties, is called Mineralogy. 

Number of Kinerals. — The number of mineral species at present 
recognised by science somewhat exceeds five hundred, many of them 
having, in addition, a great number of varieties. They are classified by 
mineralogists into seven orders and thirty-seven families. These ordera, 
with their respective families, are as follows : Oxidised st07ies, compris- 
ing 12 families— quartz, felspar, scapolite, haloid stones, leucite, zeolites, 
mica, hornblende, clays, garnet, gems, and metallic stones. 2. Saline 
stones f 5 families — calc-spar, fluor-spar, heavy-spar, gypsum, rock-salt. 

3. Saline ores, 3 families — sparry iron ores, copper salts, lead salts. 

4. Oxidised stones^ 5 families — iron ores, tin-stone, manganese ores, red 
copper ores, white antimony ores. 5. Native Metals, forming only one 
family. 6. Sulphuretted metals, 6 families— iron pyrites, galena^ grey 
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antimony ore, grey copper ore, blende, ruby blende. 7. InflammabUa, 
5 families— sulphur, diamond, coal, 'mineral resins, inflammable salts. 

Forms of Minerals. — Mineral substances occur in nature in two dis- 
tinct modes of aggregation — araorplious and crystallised. When the 
particles of the mineral are merely collected together, without exhibiting 
any regularity of structure, it is called amoiyhous ; but should the mineru 
possess a definite chemical composition, together with a regular sym- 
metrical external form, it is said to be ci-ystallised. Generally speaking, 
every mineral substance, whether simple or compound, is found in nature 
with a form peculiar to itself, whicn readily distinguishes it from all 
other minerals. Many of them, moreover, exist in various allied forms, 
and hence the number of natural crystals is enormous. Mineralogists, 
however, have succeeded in arranging them all under six systems of 
crystallisation, to each of which belongs a number of forms having some 
properties in common. In every crystal there are found tiiree axes, 
which intersect at its centre and pass through from side to side, and the 
entire classification depends on the relative lengths and position of these 
axes. 1. The first system is named the Regular or TesseraZ System (from 
tessera, a cube), and is characterised by three equal axes intersecting 
each other at right angles. It includes the cube, the regular octohedron, 
the rhombic dodecahedron, and the regular tetrahedron. Some of the 
best-known minerals that assume one or other of these forms are common 
salt, alum, fluor-spar, iron pyrites, gi'ey copper ore, and boracite. 2. The 
Quadratic or Tetragonal System, with three axes at right angles, but 
one shorter or longer than the other two. Eight principal forms, with 
numerous varieties, belong to this system, among whicli are included 
the first and second right square prisms, and the first and second right 
square octohedra ; examples — zircon, stannic oxide, and yellow prussiate 
of potash. 3. Tlie Hexagonal or BJwmhohedral System, with four axes, 
three of which are equal, intersecting each other in one plane at 60°, 
and one principal axis at right angles to them. It embraces the regular 
six-sided prism, the regular six-sided pyramid, and the rhombohedron. 
Rock-crystal, calc-spar, beryl, corundum, graphite, and many other 
minerals, assume foims belonging to this system. 4. The Mhombic 
System, characterised by three axes, all unequal, but at right angles to 
each other : its principal forms are the right octohedron with rhombic 
base, and the right rhombic prism. This system comprises only a few 
varieties of form essentially distinct, but embraces nitre, native sulphur, 
topaz, and arragonite. 5. The Monoclinic or Monoclinohedric System, 
having three unequal axes, two of which intersect each other at an oblioue 
angle, and are cut by the third at right angles. The forms peculiar to tnis 
system — among which is the oblique rhombic octohedron — approach 
very near to those of the rhombic, but the inclination of the axes enables 
us readily to distinguish them. As examples of the numerous minerals 
assuming one or other of its forms may be mentioned sulphur deposited 
from fusion, sodium carbonate, and borax. 6. The Triclinic or TriclinO' 
hedric, with three axes, all unequal and all oblique. This is the least 
regular of all the systems, and departs the most widely from symmetry 
of form. The doubly-oblique octohedron and the doubly- oblique prism 
are the leading forms; examples — copper sulphate, boracic acid, and 
albite. 

2. Bocks. — Minerals aggregated together, so as to fomi large 
masses, are technically csQled rocks. These rocks, according to 
their structure, are of two kinds ; either they consist of minute 
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§ articles of one and the same mineral, or of two, three, or more 
ifferent minerals aggregated together. The former are called 
simple, the latter m^ed rocks. Thus, for instance, marble, con- 
sisting of nothing but grains of carbonate of lime, is a simple 
rock ; while granite, on the contrary, which is made up of small 
crystals of quartz, felspar, and mica, is a mixed rock. The 
component parts of a rock are either crystallised together, or 
they are umted by a non-crystalline cement, as in conglomer- 
ates, pudding-stone, breccia, &c. In many rocks the cohesion 
is very great, as for instance in greenstone ; while in others it 
is but sligh^ as in sandstone, gravel, coal, &c. As compared 
with the vast variety of minerafe, the number of distinct rocks 
is exceedingly small. They are also pretty uniformly distributed 
over the globe, while none of them is peculiar to any particular 
country. Thus, while the plants and animals of tropical regions 
differ exceedingly from those of the frigid zone, the materials 
which form the mountain-ranges, as well as the pebbles along 
the sea -shore, are everywhere the same. Notwithstanding, 
however, this general uniformity, there is considerable local 
variety, depending on the geological character of the place. 
Thus a traveller setting out from London, either to Berwick or 
Land's End, will find the character of the rocks continually 
varying as he proceeds from county to county; and before he 
arrives at his destination, he will have passed in review almost 
every variety of rock in the geological scale. In like manner, 
when a considerable section of the earth's crust is exposed to 
view — as in sea-cliffs, C[uarries, mines, and railway cuttings — a 
great variety of rocks is discernible ; but they may be afi re- 
duced to two principal kinds. They are either arranged in beds 
or layers, and nence known as stratified rocks; or they are found 
in shapeless, indeterminate masses, destitute of any such arrange- 
ment, and therefore called unstratified or igneous rocks. 

Unstratified Bocks. — These rocks have everywhere the appearance of 
having existed at a former period in a molten state ; and the numerous 
varieties of beautiful crystals found associated with them are a striking 
testimony of their having cooled down with great slowness and regular- 
ity. Generally speaking, they occupy a lower position in the crust than 
the aqueous ; though they are often seen overlying the latter, or separat- 
ing the strata of which they consist, or forcing their way through those 
strata in veins, rents, and fissures. They are usually divided into three 
principal kinds-^am^ic, trappean^ and volcanic. The first of these is 
reckoned the oldest, as it is generally found underlying or associated 
with the oldest series of the stratified rocks; the second is considered 
more recent in its origin, because occurring for the most part among the 
secondary and tertiary formations ; and the third, as the newest of all, 
being eeuerally found associated with those modem formations which have 
been deposited since the tertiary era. The following are the principal 
rocks belonging to these three varieties, beginning with the lowest :— 



OBOLOGT. 117 

Granitic: Common granite (consisting of small r^olar crystals of qnartz, 

felspar, and mica), porphyry or porphyritic granite, syenite, proto- 

gine, pegmatite, hornblende rock, primitive greenstone, serpentine, 

felspathic rock, &c. 

Trappean: Basalt, greenstone ordolerite, clinkstone, compact felspar, 

nornstone, pitchstone, claystone, amygdaloid, trap-tnff, &c. 
Volcanic: Lava, trachyte, obsidian, pumice, pearlstone, tufa, scorise, 
palagonite, sulphur, pozzuolana, &c. 
Igneous rocks are very widely distributed, andplay a most important 
part in the physical aspect of many coimtries. The mightiest mountain- 
ranges on tne earth's surface are mainly formed of the granitic series, 
as uie Alps, Pyrenees, Ural, and Grampian Mountains in Europe ; the 
Himalayas in Asia; the Abyssinian Mountains in AMca; and the Andes 
in South America. The prevailing scenery is dreary and monotonous, 
and the soil barren and inhospitable. But the economic uses of granitic 
rocks are numerous and varied. They form exceedingly durable building- 
stones, admirably fitted for bridges, lighthouses, docks, for^sses, and 
as road and street materials. When polished they are generally highly 
ornamental, and are therefore employed for obelisks, tombstones, and 
pillars. The industrial products of the trap-rocks are also numerous, 
though not of equal importance. Some basalts and greenstones make 
good building-stone, but the difficulty of dressing them into the required 
shape prevents their extensive use. Nearly all the sulphur of commerce 
is derived from volcanic regions ; pumice has long been used as a polish- 
ing or rubbing stone ; while many of the lavas yield precious stones, and 
otncrs are metalliferous. 

Stratified or SedimentaiY Bocks. — These are divided into two great 
series — the Oystalline or Non-fossiliferous, and the Fossiliferous. The 
former, — ^also called Metamorphic rocks, — are usually found immediately 
above the granitic, separating them from the fossiliferous strata above, 
and embrace the following members — viz., gneiss, mica-slate, clay-slate, 
hornblende-schist, talc-schist, actynolite-schist, chlorite-schist, quartz- 
rock, and primaiy limestone. Although gneiss usually occupies the lowest 
place in tne series, these rocks do not follow any mvariable order, and 
not unfrequently one or more of them is wanting. The materials of these 
strata appear to have been originally deposited by water in the form of 
sediment, and to have been subsequently so altered by subterranean 
heat as to assume their present crystalUne texture. At the time of their 
original formation they were probably replete with organic remains, 
similar to the fossiliferous systems above them; but the intense heat 
proceeding from the imderlymg granite has destroyed every vestige of 
organic matter. In regions where the Metamorphic rocks lie near the 
surface, the scenery is usually bold, rugged, and picturesque, and the 
soil unproductive; but slate, marble, and building-stone are obtained in 
them, and not unfrequently tin, copper, lead, silver, and gold. 

3. Palsontology. — By carefully studying the fossiliferous 
strata above mentioned, we obtain most important information 
regarding the earliest stages of the earth's existence— informa- 
tion, in fact, nowhere else to be found. We learn, for example, 
that our world had arrived at a hoary antiquity before the 
creation of man ; that it was not then a barren, untenanted 
wilderness, but the happy home of innumerable races of living 
creatures, which, once and again, were swept away by great 
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natural catastrophes, and replaced by other orders of plants and 
animals, higher in the scale of being than their predecessors, 
and more nearly approximating the many races, animal and 
vegetable, which are now placed under man's dominion. This 
knowledge is partly derived from the lithological character and 
immense deptli of these strata, each of whic£, in its turn, must 
have been slowly deposited by the waters of seas, lakes, or 
rivers ; but principalfy from the countless netrified remaiils of 
the animals and plants that had their abode in the waters or 
on the land, at the period of their formation. The branch of 
geology which treats of these organic remains is termed Palae- 
ontology (from palaios, ancient, onta, beings, and logos, a descrip- 
tion), signifying a description of ancient onanisms. The long- 
continued study of the fossiliferous strata of many coimtries has 
enabled geologists to arrange the entire series into ten distinct 
and well-defined systems, each* of which differs essentially from 
all the others, both as regards its lithological constituents and 
its petrified organisms. These ten systems are further grouped 
into three great series, or periods — ^viz., the Pal^sozoic, or most 
ancient ; the Mesozoic, or secondary ; and the Cainozoic, or 
most recent. The accompanying diagram indicates at a glance 
the precise place in the geological scale where each higher order 
of organised existence made its first appearance. 

1. The Lanrentian System. — This, the most ancient of all known fossil- 
iferous deposits, derives its name from the river St Lawrence, in the basin 
of which it occupies an immense area. Sir W. Logan, of the Canadian 
Geological Survey, regards these rocks as the most ancient on the Ameri- 
can continent, and as the equivalents of the oldest gneiss of Scotland and 
Scandinavia. In the geological scale they occupy a lower position than 
the Cambrian rocks of North Wales, and consist of highly crystalline 
gneissoid and homblendic schists, which, in some localities, attain a 
thickness of 30,000 feet. Principal Dawson, the eminent Canadian geo- 
logist, has recently (1868) detected in the lower formation of these rocks 
what may justly oe regarded as the earliest indication of animal life on 
our globe. This consists of a foraminifer, named by him Eozo&n Cana- 
densSf a humble Zoophyte, and one of the very lowest types of the 
animal kingdom. This zoophyte has since been detected in Bohemia, in 
strata underlying the Silurian rocks. 

2. The Cambrian System. — (From Cambria, the ancient name of 
Wales), a term employed by Professor Sedgwick to designate the lowest 
fossiliferous rocks m North Wales. They consist mainly of slaty, gritty, 
and silicious beds of immense thickness (from 20,000 to 30,000 feet), 
which are regarded as the geological equivalents of the fossiliferous 
schists of Wicklow, the lower grevwacke of Dumfries, the Northern 
Highlands of Scotland, the alum-scnists of Sweden, and the Huronian 
sandstone of America. A deefter interest attaches to the Cambrian and 
Laurentian s^tems than to any other in the geological scale, on account 
of their containing the petrified remains of the earliest living inhabitants 
of our planet. These consist of FucoiDS, a humble genus of marine 
plants ; of Zoophytes (Oldhamia) and Graptolites, the lowest forms of 
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aiiimaMife ; of brachyopodous Molluscs (lingula and terebratula) ; and of 
Trilobites (olenus and paradoxides), a remarkable family of Cbustacbans 
peculiar to the Palaeozoic period. 

3. The Silurian System, so called on account of its huge development 
in south-eastern Wales, a locality once inhabited by the Silures, an 
ancient British tribe. Here it amounts to about 8000 feet in thickness, 
forming several distinct formations, which differ essentially in the char- 
acter of their organic remains. The prodigious development of fossils 
has no parallel in the underlying formations. In the British Isles alone, 
in 1867, the Silurian strata contained 1194 recognised species, only 8 of 
which were plants. In a small tract around Prague in Bohemia, the 
indefatigable M. Barrande enumerates no fewer than 2735 species ; while 
Dr Bigs by, in his * Thesaurus Siluricus,' a work of immense industry and 
research, enumerates 7553 well-defined species as belon^ng to all coun- 
tries. By inspecting this great work it will be perceived that in the 
Silurian age of the world's history all the classes of the invertebrate divi- 
sion of the animal kingdom are well represented, but that Molluscs, 
Echinodermate, and especially Trilobites, existed in vast numbers. But 
what imparts the deepest interest to the Silurian system is that it affords 
the earliest evidence both of vertebrated animals and of land -plants. 
These occur in the uppermost strata of the Ludlow rocks^ and imme- 
diately underlying the lowest beds of the Devonian system. The verte- 
brata consist of Fishes of the genus Pleraspis. They are few in number, 
small in size, and of the lowest order. They are all cartilaginous fishes, 
like the skate and dog-fish — for fishes with ossified vertebrae are not 
found till we arrive at the Devonian strata. The land-plants are also of 
the humblest rank, belonging to the family Lycopodiacea, and allied to 
our ]present club -mosses. Fishes have sdso been found in the Lower 
Silurian formation. Silurian strata are extensively developed in many 
countries, especially in Wales, the south of Scotland, Bohemia, Russia, 
Scandinavia, North and South America, and Australia. Tlie veins that 
traverse the system are usually metalliferous, yielding mercury, copper, 
lead, silver, and gold. It is mainly from rocks belonging to this system 
that the prodigious quantities of gold recently brought to light in Aus- 
tralia, California, the Ural Mountains, and other localities, have been 
obtained. They also yield flagstones, roofing-slates, and limestone for 
mortar and manure. In Silurian districts, the scenery is usually varied 
and picturesque, less abrupt and bold than in metamorphic regions, yet 
more diversified by hill and dale than Secondary strata ; but in Russia, 
south of the G. of Finland, they form wide level plains, or low plateaux. 
The late Sir Roderick Impey Mlurchison, the prince of British geologists, 
has been the chief investigator of this system. 

4. The Devonian or Old Red Sandstone System overlies the Silurian, 
separating it from the Carboniferous system. But Hugh Miller, its most 
illustrious explorer, divides it into three formations-7Lower, Middle, and 
Upper. It is largelv developed in Scotland, South'Wales, Devonshire, 
Belgium, Russia, and North America, where it usually consists of a suc- 
cession of sandstones, alternating with layers of sandy shale and beds 
of concretionarjr limestones. The flora of the svstem consists partly of 
marine, but chiefly of land plants, of a greatly higher order than those 
found in the uppermost beds of the Silurian. Some twenty years ago, 
the author of this work discovered several huge calamites in the lower- 
most strata of the Old Red Sandstone of Aberdeenshire, previously re- 
gartled as unfossiliferous. Cone-bearing trees— plants as high in the 
scale of nature as the pines and cedars of the present day— were found by 
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Miller, long previously, in the same formation at Cromarty; while Dr 
Dawson has recently discovered no fewer than 82 species of land-plants 
in the Devonian strata of Nova Scotia. To such an extent, indeed, did 
land -plants abound in the Devonian age, that in some localities thin 
seams of bituminous coal have been discovered in it. Perhaps the most 
beautiful species of the Devonian flora was the Adiantites Hibeiiiicuaf 
a tree-fern, obtained from the yellow sandstone series of Ireland and 
Koxbuighshire. The fauna of the system displays an equal develop- 
ment I for though tbe Trilobites, which so pre-eminently characterised 
the Silurian system, have passed their meridian, other crustaceans of a 
still higher order appear in their room. The most remarkable of these is 
the PterygotiLS ATigliats, a gigantic lobster-like crustacean, from 4 to 6 
feet long, found inthe Devonian rocks of Hereford, Forfar, and Ulbster 
in Caithness. Here fishes exist in vast num1>ers, and of two distinct 
orders — Placoids and Ganoids — the latter with osseous vertebrae and 
dermal skeletons. Among the most characteristic forms are Onchus, 
Cephalasms, Coccosteus, Asterolepis, Dipterus, and Holoptychiua, In- 
sects make their first appearance in the Devonian rocks of N. America, 
but the reptilian remains of Elgin, formerly supposed to belong to this 
system, are now assigned to the Trias. In 1856, the total number of 
fossil species belonging to British Devonian rocks amounted to only 300 ; 
but the total number of species known in 1867 was 532. The minerals 
of the system are mainly building-stone of inferior colour and durability, 
paving-slabs of excellent quality^ which are extensively exported from 
Caithness and Forfarshire; while to the trap -rocks of the system the 
lapidary is indebted for his agates, jaspers, and Scotch pebbles. The 
scenery is generally flat and tame, tnougn occasionally highly diversified ; 
and the soil, owing to its porousness, is usually well adapted for agri- 
culture. 

6. The Carboniferons System, so called from the profusion of vegetable 
matter (carbon) which it contains, consists in like manner of three forma- 
tions — the Lower Coal-Measures, the Mountain Limestone, and the 
Upper Carboniferous, or true Coal-Measures. Not unfrequently one of 
the members is wanting, and sometimes beds of one formation alteiiiate 
with those of another. In some parts of Scotland the Lower Coal-Mea- 
sures yield great quantities of serviceable coal ; while in Ireland, where 
the formation is so enormously developed, little coal is found. Wher- 
ever this formation exists, it presents mdications of having been depos- 
ited in fresh water, in estuaries, or in inland seas. The Mountain Lime- 
stone, again, is essentially a marine deposit, and, by the peculiar char- 
acter of its fossils, forms the most easily recognised formation in the 
geological scale. The Upper Coal-Measures, like the Lower, are mainly 
of lacustrine origin, and consist of alternations of sandstone, coal, shale, 
ironstone, clay, and impure limestone. The minerals of this formation, 
especially its coal and iron, form an inexhaustible source of wealth to 
those countries where they most extensively prevail. In Britain, espe- 
cially, they mightily conlaibute to our power and eminence amongst 
neighbouring nations. The flora of the system is the most abundant 
anof gigantic that ever appeared on the earth's surface — consisting of 
coniferous trees of immense size, huge palms, tree-ferns, lepidodendra, 
calamites, sigillaris, equiseta, club-mosses, and other allied forms. 
Wherever any of the carboniferous formations occurs, these crowd every 
bed of shale, and form the materials of which every seam of coal consists. 
Considering, then, that the Coal-Measures exist in numerous lands and 
in all latitudes, and that these plants all belong to a tropical vegetation. 



122 PHYSIOGRAPHT AND PHYSICAL GEOGRAPHY. 

the obvions inference is^ that during the deposition of the carboniferous 
strata a hot moist climate prevailed over the entire surface of the globe 
(see pp. 80, 31). The fauna is less peculiar than the flora, but it equally 
marks distinct progress in organic development. Here sauroid fishes, 
and Rbptiles of the Batrachian or lowest order, appear for the first time. 
The number of plants hitherto discovered in the whole system amounts 
fully to 1700, of which British strata furnished 1100 species. Carbon- 
iferous strata cover laige portions of the British Isles. In England they 
extend from Derby to Berwick, but the Upper Coal-Measures are chiefly 
confined to south Wales and the valley of the Tyne. In Scotland they 
form a broad belt across the country from the coast of Ayrshire to Fife. 
Ireland is not rich in coal, all her coal-fields being situated in the car- 
boniferous limestone, which covers the central plain. On the Continent 
the principal localities are the north of France, Belgium, Germany, 
Prussia, Austria, and the south of Russia. In extra-European countries 
the main localities are, Hindostan, the coasts of Chili and Peru, the 
Isthmus of Panam^, Nova Scotia, and especially the United States of 
America, where the Coal-Measures occupy an area of 600,000 square 
miles. The economic importance of this system cannot be overrated. 
It furnishes nearly all the coal consumed in evenr civilised country. In 
the British Isles alone about 130,000,000 tons of this valuable mineral are 
dug annually. Almost equally important is the iron, which is usually 
associated with the coal. Other products of the system are, petroleum, 
asphalt, naphtha, parafi5ne-oil, copperas, ochre, alum ; the ores of lead, 
zinc, and antimony ; marble, limestone, and building-stone of the finest 
quality. The scenery, with the exception of some limestone districts, 
is generally tame and unpicturesque, while the soil is often cold and only 
moderately fertile. 

6. The rermian System, so named from its enormous development in 
the government of Penn, in Russia, forms the uppermost member of the 
great Palaeozoic series of rocks. It consists of two formations in England 
—Red Sandstone and Magnesian Limestone — but of three in Central 
Russia. The organic remains are neither numerous nor very remarkable, 
but approximate far more closely to those of the Carboniferous system 
below, than to those of the overlying Triassic. The flora, consisting of 
land and marine plants, amounts to 183 species, embracing fucoids, 
calamites, coniferous trees, and silicified trunks of tree-ferns. The fauna 
amounts to 350 species, including 53 fishes. The trilobites and other 
higher forms of crustacean life have disappeared. In common with the 
other Palaeozoic systems, the fishes are all characterised by heterocercaZ 
or unequally-lobea tails ; whereas in ^1 the systems above the Permian 
the homocercal or equally-lobed tail predominates — a form which is 
nearly universal in the 8000 species now existing. Reptiles are more 
numerous than in the Carboniferous system, and now embrace Saurians 
as well as Batrachians — e.g., the palceosauras, protorosauruSf and theco- 
dontosaurus, all of which are true air-breathing and land-inhabiting rep- 
tiles. The minerals embrace excellent building - stones, limestone, 
gypsum, lithographic stone, copper, and occasionally veins of galena and 
sulphuret of zinc. Permian strata are known to prevail in the north 
and midland counties of England, in the whole of eastern Russia, 
and over considerable areas in Ireland. France, Germany, and the 
United States west of the Mississippi. The physical aspect of Permian 
districts is by no means destitute of beauty and variety, though the 
scenery is sometimes tame and iminviting, and the soil well adapted for 
pasture and woodland. 
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7. The Triassic System derives its name from the fact that in Ger- 
many, where the system is highly developed, it consists of three well- 
defined formations — the Bunter Sandstein, the Muschelkalk, and the 
Keuper — the middle formation being wanting in England. With these 
formations we commence, on our upward march, the second great division 
of the fossiliferous strata, and hence named the Mesozoic. At the close 
of the Permian system, an infinitely greater change took place in organic 
life than that which marked the ascent at any previous stage. All the 
species and most of the genera of the earlier races have now disappeared, 
and are replaced in the Trias by an entirely new series, the types of 
which are continued to the base of the Tertiary. Nature has entered on 
a new cycle, and everywhere the humbler forms of organic life have given 
place to forms more highly organised. It is to this system, and not to 
the Devonian, that we must now refer the remarkable reptiles, the Teler- 
peton, Staganolepis, and Hyperadapedon of the Elgin Sandstone. In 
the Trias formations on the Connecticut river, in New England, the foot- 
prints of no fewer than 23 species of Birds are enumerated byDr Hitch- 
cock, together with Chelonians, Batrachians, and other reptiles. The 
largest of these footprints are 22 inches long, 12 inches wide, with a pro- 
portionate length of stride : whether Birds or Deinosaurs, they must nave 
been of colossal dimensions. In the Trias also occur the earliest traces of 
Mammals. In 1847, Professor Plieninger discovered in the upper beds of 
the Keuper formation, in Wiirtemberg, the molar teeth and oones of a 
small marsupial animal named Microlestes antiquiis. In England, the 
animal remams are not very numerous (only 61 species) ; but on the Con- 
tinent, one single formation (the Muscnelkalk) lias already yielded 222 
species, and the St Cassian beds 744 species. The flora embraces equi- 
seta, calamites, fenis, cycadaceous and coniferous plants— the last two 
being exogenous. In England and Ireland this system is the great 
repository of rock-salt, the layers of which, in Cheshire, in some places 
attain a thickness of from 75 to 100 feet. ' It also yields sandstone for 
building purposes, calcareous flagstones, limestones, and valuable beds 
of gypsum. The scenery of the Trias \a usually tame and monotonous, 
and the soil better adapted for pastoral than agricultural purposes. 

8. The Oolitic or Jurassic System is highly developed in England, 
where it consists of three very distinct formations — ^the Lias, Oolite, and 
Wealden — and stretches slantingly across the country from Dorsetshire 
to Yorkshire. It is evident from the character of the embedded organ- 
isms that the first two are Trvarine formations, while the last — which is 
often regarded as belonging rather to the overlying Cretaceous system — 
must have been deposited from, fresh vjaten'. The characteristic fossils of 
the Xiflw— the lowest of the three — are cycadaceous plants, which occupy 
a middle position between ferns and coniferous trees, and which here make 
their first appearance. The fauna wears a singular aspect, owing to the 
vast number of ammonites, belemnites, grypheae, and cuttle-fishes which 
it embraces. Reptiles also attain their highest development in this 
formation, containing, as it does, those gigantic and highly characteristic 
forms, the Ichthyosaurus and Plesiosaums. In 1864, the fossil faiina of 
this formation, as developed in the British Isles, contained, according to 
Professor Ramsay, 467 species. The flora of the Oolite in the same year 
comprised 128 species — consisting, for the most part, of cycadaceae, 
ferns, equisetacese, and pines ; with the new orders, cypresses, yews, 
dammaras, thujas, and screw-pines. Such, indeed, was the abundance 
of vegetation in the Oolitic a^e, that not unfrequently it exhibits seams 
of workable coal, as at Brora in Sutherlandshire, and Riclimond in Vir- 
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ginia. Its fauna was pecnliarly rich and varied, as is evident from the 
fact that in the British rocks alone no fewer than 1483 species were 
linown to geologists in 1864. The marsupial or pouched animals, which 
first appeared in the Trias, now existed in great numbers. Thejr were 
allied to the living opossum and kangaroo of the Australian continent, 
and formed a connecting link between birds and the placental or true 
Mammalia. In the Stonesfield slate, a member of the great Oolite, are 
found the remains of the Stereognathus, a small quadruped which Prof. 
Owen regards as an herbivorous placental mammal ; but this is some- 
what doubtful. The Wealden derives it name from the " wealds " or 
" wolds " of Suffolk, because it prevails extensively in that county. Un- 
like the two underlying formations, the "Wealden is essentially a fresh- 
water formation, and the only one of that nature occurring within the 
limits of the Mesozolc series. It, no doubt, formed the delta of an 
ancient river of great magnitude, which flowed from an ancient continent 
that occupied the area of the present N. Atlantic. Its oi^anic remains 
differ very widely from those of the Lias and Oolite — consisting of '* the 
spoils of the river and the land, not of the sea." Among its most char- 
acteristic plants may be named the Sphenoptcris gracilis (a sort of fern), 
leaves of coniferoB and cycadaceaif and fruits resembling those of palms. 
Of the numerous reptiles belonging to the formation are — the Iguanodon, 
a gigantic herbivorous animal, and the Pterodactyl^ or flying reptile, 
which somewhat resembled a bat. The minerals of the Oolitic system 
are of considerable importance, consisting of building, paving, roofing, 
and tile stones, alum, marble, coal, and fuller's earth. Both the Lias 
and Oolitic limestones are largely quarried for mortar and hydraulic 
cement, the latter also furnishing the best description of lithographic 
stones. The scenery of Oolitic districts is varied and pleasing, but wants 
the boldness and abruptness of Metamorphic regions. The soil is usually 
dry and fertile, except the Lias and Wealden clays, which in dry seasons 
are stiff and intractaole. 

9. The CretaceouB System, the highest in the great Mesozolc series of 
rocks, derives its name from the chalk (Lat. creta) that forms the main 
ingredient in its composition. It is a marine deposit, and embraces two 
well-defined formations — the Lower and Upper Cretaceous. The flora is 
not abundant, there being only 12 snecies known in British rocks, and 
even these usually consist of driftea and imperfect fragments. They 
exhibit, however, a great era in the progress of terrestrial vegetation, 
for here first occur the remains of tnie Exogenous or Dicotyledonous 
Trees— i.e., trees having a separable bark, distinct concentric circles, 
increasing at their circumference, the solidity diminishing from the centre 
outwards, the pith enclosed in a longitudinal canal, and possessed of 
medullary rays. The fauna is rich, varied, and beautifully preserved. 
Nearly all the types of life are strictly and peculiarly Mesozoic. **0f 
the 521 species known in our Upper Chalk, all, with the exception of 
Ter^atula caput-serpentis and a few foraminifera, have apparently be- 
come extinct during that vast period that elapsed between the close of 
the Cretaceous and the beginnmg of the Eocene epoch in Ihigland." — 
(Professor Ramsay.) Of the four orders into whicn fishes are divided, 
two appear for the first time in Cretaceous rocks — viz., Ctenoids and 
Cycloids -i.e.. Bony Fishes or Teleosteans. Reptiles, though still the 
dominant class of animals, have now passed their meridian ; but turtles, 
pterodactyles, and oviparous saurians are not unfrequent. Bones of 
wading birds have been detected in N. America ; but tiie Quadrumanous 
Mammals, formerly supposed to belong here, do not really appear before 
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the Eocene formation, immediately above. Altogether, 1362 species of 
fossil animals were known to exist in British rocks in 1864, of which 89 
were fishes and 31 reptiles. Cretaceons strata cover extensive areas in 
the south of England, in France, Germany, the United States, and Van- 
couver Island, in all of which the scenery is distinguished by the rounded 
outlines of the hills and valleys, which afford excellent pasturage. They 
are now known to be derived from the myriads of coralline zoophytes 
and foraminifera with which the seas of the period abounded. Similar 
deposits are being formed at the present day in the bed of the ocean (see 
p. 52). The industrial products of the Cretaceous formations are com- 
paratively unimportant, consisting chiefly of preparations of chalk and 
flint. The former, which consists of carbonate of lime, is employed by 
the farmer, bricklayer, and plasterer; while the latter, when calcined, is 
largely used in the manufacture of flint-glass and porcelain ware. 

10. The Tertiary or Cainozoic System embraces three formations— 
the Lower, Middle, and Upper — or, as they are more commonly called 
(with reference to the number of species which they respectively contain 
in common with our existing fauna). Eocene, Miocene, and Pliocene. 
These consist of vast and varied deposits — fluviatile, lacustrine, marine, 
and volcanic — usually found resting on one or other of the formations 
of the Cretaceous system. It appears evident that during their deposi- 
tion important changes took place in the relative level of sea and land, 
especially in the northern hemisphere; that volcanic agency was de- 
veloped on a vast and magnificent scale ; that the portion of Europe now 
forming the British Isles was the site of enormous lakes, which at the 
present day have their best analogues in the vast fresh-water lakes of 
Canada ; and that, during the same epoch, such a gradual refrigeration 
of climate took place in European countries as to admit of the existence 
of plants and animals similar to, or identical with, those now existing in 
that continent. On entering the Teitiary strata the palaeontologist finds 
that organic nature has undergone a complete change — that every plant 
and animal with which he became acquainted when studying the Second- 
ary roclts has passed away, and that he has now entered on a wholly new 
stage of existence. Never before, during the pre-Adamic history of our 
earth, did so thorough and total a change take place in the flora and 
fauna of the globe. The former is distinguished from that of the older 
epochs by the abundance of dicotvledonous trees (oaks, beeches, elms, 
&c.); the monocotyledons, especially palms, also become greatly more 
numerous ; while the conifers, previously so abundant, no longer occupy 
a prominent place. In the Eocene formation alone, in which between 
200 and 300 fossil plants have been detected, no fewer than one-half are 
dicotyledons. The fauna of the system is equally characteristic. It was 
pre-eminently the age of mammalia ; for, though mammals, both mar- 
supial and placental, are known to have existed in the Secondary ages, 
only a few vestiges of either occur in formations lower down than the 
Eocene. In this single formation— that to "which the London and Paris 
basins belong — no fewer than 25 genera of this class of vertebrata were 
known in 1856. Altogether, upwards of 100 genera of mammals occur 
in the Tertiary rocks ; and, what is still more remarkable, all the existing 
orders of the class are represented. The pachydermata were especially 
numerous, embracing the uncouth palceoihei'iumy anoplotheriumy dei- 
notherium, mastodon^ and mammoth. It was among the pachydermata 
of the Paris basin that the illustrious Cuvier effected those wonderful 
restorations which, in the beginning of this century, gave such an im- 
petus to palaeontology. All, or nearly all, the existing orders of birds 
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have been detected in Eocene beds, the most remarkable being the 
gigantic gastornia ParisiensiSy a form intermediate between the wading 
and aquatic orders. The reptiles resemble the existing crocodile, alli- 
gator, and gavial. The fishes embrace the four orders — ^placoids, ganoids, 
cycloids, and ctenoids — but appear to be almost without exception of 
different species from those now peopling the ocean. In England, Ter> 
tiary strata cover nearly all the basin of tne Thames, as also Hampshire, 
and the northern part of the Isle- of Wight ; but they scarcely exist in 
Scotland and Ireland. The industrial products are various, comprising 
building - stone, marble, limestone, gypsum, brick -clay, potter's clay, 
pipe-clay, millstones, lignite, and amber. 

11. The Qnatemary or Post-Pliocene.— It would appear that, after 
the deposition of the Eocene, Miocene, and Pliocene formations, a great 
change took place in all the higher latitudes of the northern hemisphere 
in regard to the relative distruintioiL of sea and land; that a large por- 
tion of Europe and of the British Isles was gradually submerged beneath 
the waters, the summits of the loftier mountain-ranges appearing as 
islands in mid-ocean ; that a corresponding elevation of land occurred 
simultaneously in the Arctic regions, accompanied by a change in the 
direction of the great ocean-currents, and by a gi'eat diminution of tem- 
perature over all northern Europe ; that enormous icebergs— laden with 
gravel, sand, and gigantic boulders — were annually disengaged from the 
Arctic shores, and, floating southwards, discharged their miscellaneous 
contents over the recently submerged lands ; that this submergence and 
accompanying change of temperature eaused the destruction of by far 
the greater number of the plants and animals which existed in north 
Europe in the Miocene and rliocene ages — ^their places being supplied, 
however, to some extent, by the fauna and flora now peculiar to more 
northern latitudes ; that after this state of things had continued for ages, 
the submerged lands of north Europe and the British Isles were again 
gradually elevated to their present level ; and that, finally, the glacial 
epoch having passed away, a new flora and fauna, suited to the new con- 
ditions, made their appearance— many of the species of which continue 
to exist to the present day. The organic remains are by no means 
numerous. In the British Isles they occur chiefly in the Norwich Crag, 
Lancashire, north Wales, Isle of Man, the banks of the Clyde, Caith- 
ness, and in the north and east of Ireland. On the Continent the main 
localities are Scandinavia, Russia, and North Germany ; while similar 
deposits are found in Sicily, North America, Patagonia, and Tierra del 
Fuego. Quaternary beds contain very few recognisable remains of 
plants, but some of the species still exist among our aboriginal trees ; 
as, for example, the Scotch fir and the common birch. The fauna is 
more abundant, but consists for the most part of moUusca ; though in 
the fresh-water beds numerous remains of mammals occur, the greater 
number of which have become extinct. No fewer than 37 species of 
mammals are enumerated by Professor Owen as occurins in the caves of 
the British Isles ; and of these, he says, 18 species have become extinct, 
while the remaining 19 continue to survive in the British archipelago, or 
on the Continent. The entire fauna of the glacial beds, as given by Dr 
Edward Forbes, amounts to 170 species. These are chiefly moUusca, but 
the number includes several birds, and not a few extinct mammals ; but 
the horse, goat, ox, red deer, badger, fox, wild-cat, and several other 
species known to have existed in the Pliocene era, survived the storms 
of the Post-Pliocene, and now form a living bridge connecting the pre- 
sent epoch with the immeasurable ages of the past. 
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12. Becent or Prehistoric Formation. — A deeper interest attaches to 
this formation than to any other in the entire geological scale. Here 
are found the earliest traces of the existence of Man on the earth — as 
pile-dwellings, tree canoes, flint arrow-heads, and other stone imple- 
ments manufactured by human hands. No clear line of demarcation 
separates this foriuation from the Post-Pliocene, and in the present state 
of science it cannot be positively determined in what century or millen- 
nium those implements were fabricated. There can be little doubt, 
however, of the vast antiquity of some of them, as shown by Sir Charles 
Lyell and others. The antiquity of the human species, as thus indicated, 
no doubt conflicts with the chronology of Usher, founded on our modem 
Hebrew text. In the matter of antediluvian chronology, however, the 
Hebrew text has in all probability been tampered with, as we nave 
shown at large in a separate work (' Facts and Dates,' p. 62-69). The 
Septuagint translation— a translation sanctioned by our Lord and His 
apostles — assigns to our race an antiquity of nearly 1500 years more than 
Usher does. Science is giving its emphatic verdict, in this particular, 
in favour of the Septuagint ; and though the extended chronology may 
fail in meeting all the difficulties of the case, it will certainly meet many 
of them. In the meantime we cordially adopt the words of a recent 
brilliant writer when he says, " The theology of science is at present in 
its infancy, and consequently liable to multitudes of errors. When the 
theologian shall have become more conversant with God's works, and the 
scientific man more of a theologian, we shall obtain more light." — (* Old 
Bones,' by Rev. W. S. Symonds, F.G.S.) 

Antiquity of the Eaxth. — Modem science Las attempted 
to solve this ap])arently insoluble problem. Calculating from 
the rate at which molten lava is known to cool, Professor 
Helmholtz estimates that our planet could not cool down from a 
temperature of 2000° Cent, to that of 200° Cent. (360° Fahr.) in 
less than 350 million years. Scores of millions more must have 
elapsed to reduce it to 200° Fahr., which is regarded as the highest 
temperature at which vegetable or animal life could commence. 
Thousands of millions of years are claimed in addition, by some 
geologists, for the time since life becan ; but Sir William 
Thomson, proceeding on other physical data, reduces the last 
item in the account to the modest sum of 100 million years. 
Adding these periods together, we obtain something approximat- 
ing to 500 millions of years since time began. 

Evidence of the vast antiquity of the globe, and even of its solid crusty 
may be found in other directions. It is a well-known fact that the 
Falls of Ni.igara are slowly but constantly receding backwards, or up- 
stream. Tliey are now six miles nearer Lake Erie than they once were. 
Geologists are not unanimous as to the rate of retrocession, some esti- 
mating it at 1 foot per year, others at only 1 inch. The former esti- 
mate gives 31,000 years as the time in which the river has excavated the 
six miles referred to, but the latter, 372,000 years. Again, it is well 
known that the coral insect carries on its operations within a few fathoms 
of the surface of the sea; yet reefs are not nnfrequent in the Pacific 
Ocean which reach to a depth of 2000 feet. The bottom must therefore 
have been gradually sinking ever since the formation began. Geologists 
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maintain that the rate at which these insects baild is only one-sixteenth 
of an inch annually ; and that therefore they must have taken 384,000 
years to complete a reef of such immense thickness. But if, as is further 
maintained, these reefs were not commenced till the beginning of the 
Tertiary age, what an inconceivable length of time must have elapsed 
since the formation of the first stratum of the fossil-bearing rocks, which 
are calculated to have an aggregate thickness oif 20 miles ! The data, 
however, on which these estimates have been formed, are far from being 
clearly established. Geologists are too apt to toy with millions of years 
as if they were playthings, and to show no regard to moderation or com- 
mon-sense. Science has not, hitherto, been able to determine the actual 
antiquity of the planet, and probably never wilL 



X.— OPTICAL INSTRUMENTS. 

Our knowledge of external nature has been brought to its 
present advanced state for the most part by the employment of 
artificial contrivances. Foremost among these are three optical 
instruments — ^the telescope, microscope, and spectroscope — ^by 
the combined aid of which our ideas regarding the extent, na- 
ture, laws, and perfection of the material universe are^immeasur- 
ably in advance of the crude conceptions of the ancients. The 
telescope practically brings the most distant objects in nature 
near to us ; the microscope so magnifies the minutest objects 
that they can be clearly seen by the eye ; while the spectro- 
scope, the most marvellous invention of modern times, gives ns, 
for the first time, distinct ideas regarding the true nature and 
constitution of the most distant heavenly bodies. 

The Telescope. — ^Among the instruments named, the place of hon- 
our must be assigned to the telescope, an instrument which, as its 
name indicates {teUf at a distance ; scopeo, I view), enables us to see 
very distant and even invisible objects with all the distinctness with 
which we can see those which are near us. The exclusive Iionour of 
its invention, as is the case with nearly all great discoveries, can be 
claimed by no single individual ; but the firet really useful telescope 
was constructed by Galileo in 1609, while in the year following he 
had his brilliant reward in being the first mortal who beheld tlie 
satellites of Jupiter, the rings of Saturn, and the phases of Venus. 
Telescopes are of two kinds— refracting and reflecting. In the for- 
mer, an image of a distant object is produced by a convergmg glass 
lens ; in the latter, by a concave metallic reflector. GaUleo's telescope 
was of the former kind, the Gregorian and Newtonian of the latter. 
A refracting telescope, in its simplest form, consists merely of a large 
double-convex glass lens, which forms a very small image of the dis- 
tant object at its focus (hence termed the olject-glass), and a second 
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smaller double-convex lens (called the eye-piece), which is used as 
a microscope {micros, small ; scopeo, I view) to magnify the image 
formed by the first. The image of the object seen in the focus of the 
larger lens arises from what is termed the refraction of light To 
illustrate this properly, suppose I place a florin at the bottom of a 
stone jug placed on a table, and then step backwards until I can no 
longer see the piece of money. Let some one now pour water into 
the jug ; — instantly the florin becomes visible. Here we have a 
simple example of refraction. The ray of light from the florin pro- 
ceeds in a straight line through the water, but is bent in a new 
direction on quitting the liquid and commencing its passage through 
a rarer medium. The same thing would happen if a ray of light 
proceeding from a planet entered the surface of a thick transparent 
glass. It will move in a straight line from the object to the glass ; 
on reaching the glass it is bent or refracted in a new direction, while, 
after passing through the glass, it resumes its original direction, 
though it is no longer in the same line. "Next, suppose that the 
glass, instead of being flat and of a uniform tliickness, is wedge- 
shaped like a prism (see diagram, p. 130). In passing through such 
a body, it will be observed ttiat the ray is bent towards the thick end 
of the wedge. Let us now once more vary the form of the piece of 
glass : instead of being wedge-shaped, as before, let it be circular, 
but greatly thicker in the middle than at the circumference. A piece 
of glass ground into this shape is called a lens. If such a lens be set 
up on its edj^e, and the sun's rays be allowed to fall on one side, the 
rays will be individually bent out of their original parallel direction 
towards the central or thickest part of the lens, and on reaching the 
other side of the glass will be deflected again, and made to converge 
at a point called the fociis, more or less distant from the lens. At 
this point two interesting phenomena are exhibited : 1, The heat is 
very intense ; and, 2, A small but very bright image of the sun becomes 
distinctly visible by means of the microscope. Such a combination 
of two glasses — one giving a true image of a distant object, and the 
other magnifying that image — is called a telescope. The reflecting 
telescope difi'ers m principle from the refracting, and possesses some 
advantages over it. In order to obtain an image of a distant object, 
the rays of light, instead of being made to pass through a glass lens, 
are reflected from the inner surfaces of concave metallic mirrors. 
There are four kinds of reflectors : 1, The Gregorian, invented in 
1663, by James Gregory, Professor of Mathematics at Aberdeen, but 
not actually constructed till 1674 ; 2, The Newtonian, invented by 
Sir Isaac Newton in 1669 ; 3, The Cassegrainean, invented by a 
Frenchman in 1672 ; and, 4, The Herschelian, invented by Sir W. 
Herschel in 1786. 

The annexed diagram is a section of the Oregorian reflector. B D is a concave 
metallic mirror, formed by the revolution of the hyperbolic curve, and having a 
small orifice in its centre. E is a small elliptical mirror placed in the axis of the 
larger one, and at a distance fh>m it of a little more than the sum of their focal 
lengths. At H are two plano-convex eye-lenses, with the plane side towards 
the eye, while S S is a screw which moves the small mirror to and Arom the 
greater one. Let r B and r D be two parallel rays from a distant object : these 

I 
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will be reflected to F, the focus of the lai^rer mirror, where an image of the object 
will be formed, and the rays, crossing ea(^ other, £Edl on the sm^er mirror, E, 




T^ Grefforian Telescope, 

which sends tiiem in a parallel direction to one of the lenses, H, which refhuits 
them, and makes them converge at a focus, I, midway between it and die eye- 
piece H, which acts as a magnifier. 

The following is a convenient role for calculating the magnif^ring 

Eower of reflectors : " Multiply the focal distance of the large mirror 
y the distance of the small mirror from the image ; then multiply 
the focal distance of the small mirror by the focied distance of the 
eye-glass \ and divide these two products by one another, and the 
quotient is the magnifying power. ' 

Tlie Solar BpecSnun. — In the previous paragraphs we have re- 
garded light as a simple substance, aU the parts of which, were equal- 
ly refracted. This, however, is not its constitution. It was one of 
Newton's simplest and yet greatest discoveries, that, when a beam of 
white sunlight passes thro^h a prism, it is divided into seven con- 
stituent rays, each of which possesses a different degree of refrangi- 
bility, a different wave-lengtn, and a different time of vibration — 
for these three properties vary together — in virtue of which their 
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Solar Spectrum, 

paths, -when they pass out of the glass prism, differ in direction. He 
found white liglit as emitted from the sun, or from any luminous 
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body, to be composed of seven different colours of light — viz., violet^ 
indigo, blue, green, yellow, orange, red. 

In the accompanying diagram let H be a small hole in the window-shutter, E F, 
of a darkened room, and S H a beam of sunlight passing through it. The beam 
will^o in a straight Une and form a round white spot at P on the opposite wall. 
But if we now interpose a prism, B A G, so that the beam of light may fall on its 
Arst surface C A, and emerge at the same angle from its second sur&ce B A 
at the point g ; and if we receive the refitu^ted beam on a white screen M N, then, 
insteaa of a white spot, there will be formed ui>on the screen an oblong image, 
K L, of the sun, containing the seven colours already mentioned. This length- 
ened image of the sun is called the aoiUxr or prismatic Spectrum. 

It will now be seen that the red ray has been the least refracted, 
and the violet the most, the whole presenting a rainbow-tinted rib- 
bon, only that the streaks or stripes are cross ways, instead of longi- 
tudinaL Ko lines are seen across the spectrum thus produced, and 
it is extremely difficult for the sharpest eye to point out the boundary 
of the different colours. At the lower end the red is comparatively 
faint, but becomes brighter as it approaches the orange. The light 
increases gradually to the middle of the yellow space, where it is 
brightest, and from this it gradually declines to the upper or violet 
end of the spectrum, where it is exceedingly faint. It is an interest- 
ing fact that the limits of visibility are not the true limits of the 
space to which the solar action extends. The rays of light are ac- 
companied by heating rays, as also by chemical or actinic rays {aktis, 
a ray), and these three are far from beiuff uniformly distributed 
along the spectrum. Sir W. Herschel found that the maximum of 
heat comes from beyond the red end of the spectrum, but is not per- 
ceptible beyond the violet end. The actinic rays, on the other hand, 
are most energetic near the violet extremity, between the lines 6 and 
H (p. 133), and exist in that direction considerably beyond the limits 
of the spectrum. Before passing from this we may show how it 
explains two well-known phenomena in nature — the rainbow and 
twilight. 

The Bainbow is perhaps the most beautiful meteor in nature. It 
can be seen only when the sun is shining on one side, rain falling on the 
other, and the spectator in a straight line between the sun and the centre 
of the rainbow. Water, like glass, reflects some rays, while it transmits 
or rtfnuAs others. Every drop of tne falling rain acts like a lens or prism 
in decomposing the solar beam into its seven component ravs, and m re- 
fracting some of them more than others. If we place a globe of glass or 
water on a level with the eye, and opposite to the sun, we instantlv see a 
prismatic spectrum reflected from the further side of the globe, having 
the violet lowermost and the red uppermost. Now, since in a shower of 
rain there are myriads of drops or small spheres of water in all positions 
relative to the spectator, his eye will receive spectra inclined at all angles, 
so that, when combined, they will form the large circular spectrum called 
the rainbow. To have a right conception of the phenomenon, we have 
only to bear in mind that the eye of the spectator is stationary, while the 
drops are in rapid motion. Under favourable circumstances, two bows 
are seen, an inner and an outer ; but in the latter the colours are reversed, 
in consequence of their being produced by two reflections and two refraC'» 
tions. 
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Dawn uid TwiUght.— If the earth had no atmosphere, day and night 
would sncceed each other without any interval ; but the earth being sur- 
rounded h^ an aerial envelope, more than 100 miles deep, and gradually 
increasing in density with the depth, such rapid alternations of light and 
darkness are avoided. To understand this, let us trace the progress of 
the sun's rays at early dawn, and while that laminary is still several de- 
grees below the horizon. Through the 92,000,000 of miles which separate 
the sun from our atmosphere, the rays travel in a straight line, and with 
a velocity of 186,000 miles per second. On arriving at the upper strata 
of the atmosphere, some of the rays are reflected back as from a mirror, 
but the remainder are bent or refrojcted downwards, in the direction of 
the earth's surface. The further they advance in this direction the more 
they are bent downwards, because tne density of the air is continu^y 
increasing, and by the time they have arrived at any spot on the surface 
they have travelled through a parabolic curve, one limb of whidh rests 
on the surface at the spot indicated. Here the sun will appear at or 
above the horizon, and in the direction of a tangent to the curve at tiiat 
spot ; for the eye necessarily estimates the direction of a body from the 
direction of the rays of light proceeding from it aJt the moment they enter 
the eye. The sun, in consequence, always appears higher up in the hea- 
vens than he really is, the difference being greatest where his actual eleva- 
tion is the least. Within the tropics, where he rises and sets in a direc- 
tion nearly at right angles to the line of the horizon, both dawn and twi- 
light are very short ; but as we proceed to higher latitudes he descends 
more obliquely, and the interval oetween day and night is proportionally 
increased. The twilight ends when the sun has sunk from 18"* to 21** 
below the horizon, for then his rays cease to be perceptibly refracted. 
In the Arctic regions, where the sun's elevation in summer is never very 
great, and where he is wholly absent for long periods in winter, he is seen 
at returning spring skimming the horizon for several days before his disc 
has actually ascended above it. The refractive power of the atmosphere 
(water being taken as unity) is .000589. The property of refraction was 
discovered by Willebrod Snell, a Dutch geometrician, about a. D. 1624, 
and the beautiful law that governs it by M. Fresnel, a French physicist, 
about 1826. 

Speotmm Analysis. — In the solar s];)ectram as produced by New- 
ton (p. 133), the seven colours gradually merge into each other 
without any gap or line of demarcation being visible. WoUaston, 
in 1802, was the first who succeeded in showing that there are actntd 
chasms in the spectrum. By making a narrow slit in the window- 
shutter, instead of a round orifice as Newton did, he found that two 
dark spaces appeared in the spectrum, parallel to the slit. In these 
two spaces lay tne germ of the most marvellous discoveries of modem 
times. Fraunhofer, a German optician, was the first that distin- 
guished himself in the new field of inquiry. WoUaston looked at 
the roectrum with the naked eye, Fraunhofer employed the telescope ; 
the former had seen but two lines— the latter, in 1814, saw and 
mapped out no fewer than 576. The position of Fraunhofer's prin- 
cipal lines is indicated in the following diagram. 

The student will do well to bear in mind the position of these 
principal lines, as he will thereby be able to follow intelligently the 
accounts of spectroscopic researches. He has only to remember that 
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ABC belong to the red portion of the spectrum, D*to the orange- 
yellow, E to the yellowish-green, F to the greenish-blue, G to tho 
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Spectrutn Analysis. 



Violet 



A is a well-marked line at the red or lower end of the spectrum, where the 
colour is barely visible. B is a clearly-defined red line of perceptible breadth. 
Between A and B is a band of several lines called a. G is a strongly-marked 
dark line. D consists of two strong lines very near each other. E is a band of 
several lines, the middle one being stronger than the rest. At b are three strong 
lines, the two nearest F being somewhat apart. F, G, and H are also strong 
lines, while I is the violet end of the spectnun. 

indigo, and H to the violet. Fraunhofer havins ascertained that all 
these lines were found in the solar spectrum, of whatever substance 
the prism was formed, he next proceeded to examine the spectra 
formed by light from other sources. In the case of solar light, 
reflected from the clouds, moon, planets, &c., he found the number 
and positions of all the above lines the same as when the light 
proceeded directly from the sun. The spectra of the fixed stars 
exhibited dark lines resembling those of the sun (see p. 17), but none 
of them had a spectrum exactly like it. Some of the lines were 
wanting, others were less distinct, while others still exhibited new 
lines. From this he concluded that the dark lines in every case are 
due to some peculiar property inherent in the light of the various 
heavenly bodies. Finally, he found that the spectrum from the 
flame of a lamp or candle is continuous, and not crossed by dark 
lines, but a bright double line is seen in the exact place occupied by 
the- double dark line D in th« solar spectrum. It was afterwards 
found that this double bright line is due to the presence of the 
all-pervading element, sodium, in the flame. An incandescent solid 
or fluid — as, for example, a piece of metal heated till it glows with a 
white heat — shows a continuous spectrum ; but with glowing vaj)- 
ours the case is wholly different, as their spectra exhibit numerous 
coloured lines or bands. The electric spark, again, yields a very 
variable spectrum, depending upon the nature of the metallic con- 
ductors and the medium through which it is seen, for it includes the 
spectrum of the vaporised substance of the conductor as well as that 
of the gas or vapour through which the discharge takes place. It is 
in this way that a large number of elementary bodies have had their 
respective spectra assigned to them. 

Hitherto we have been considering the actual spectra of luminous 
objects ; we have now to inquire into the effects produced on these 
spectra when the light which forms them is allowed to pass through 
absorbing media. Sir David Brewster found that when ordinary 
solar light is transmitted through the thick vapour of nitrous gas, a 
number of new dark lines are seen towards the violet end of the 
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spectmin, and parallel to the Fraunhorer lines. It had, been noticed 
by Frannhofer that the two orange-coloored lines found close together 
in the spectrnm of the glowing yaponr of sodium coincide in position 
with the two dark lines D in the solar spectrum. Kirchhofi^ having a 
spectroeoope consisting of four flint-glass prisms of great dispersive 

S^wer, determined to inquire whetiier this coincidence was exact, 
aving obtained a bright solar spectrum, he brought a flame, col- 
oured by sodium vapour, in front of the slit, and then saw to his 
astonishment that the dark lines D dianged into bright ones. Here 
he had shining through the slit two kinds of light — sunlight and 
the light of the sodium flame. The former alone would have given 
the ordinary solar spectrum with the D lines of a certain degree of 
darkness ; the latter alone would have given bright lines in the same 
position. He naturally expected that uie bright lines of the sodium 
spectrum would at least partially reduce the darkness of the corre- 
sponding D lines in the solar spectrum. Instead of that, however, 
these lines actually appear darker. With the view of testing this 
remarkable result, he exchanged the sunlight for the oxy-hydrogen 
lime-light, which, like that of all incandescent solid or liquid bodies, 
gives a spectrum containing no dark lines. When this light was 
allowed to fall through a flame coloured by common salt (sodium 
chloride), dark lines were seen in the spectra in the position of the 
sodium 'lines. This result was more striking than the former one, 
inasmuch as the two lights seemed to produce darkness. These ex- 

Seriments of Kirchhoff involved one of the most important truths ever 
iscovered. He at once inferred that sunlight, which shows these 
same dark lines, must, before reaching us, have passed through the 
vapour of sodium. Either in our own atmosphere or in that of the 
sun, this familiar metal must exist in quantities sufficient to cause 
the observed absorption lines. Moreover, those countless other lines 
which cross the solar spectrum must each indicate some process of 
absorption, exerted by vapours on the solar atmosphere or on ours. 
Finally, he argued, since the presence of sodium has thus been 
demonstrated in the sun, why may not the presence of other ele- 
ments be in like manner rendered apparent? He therefore com- 
pared the spectrum of the luminous vapour of iron with the solar 
spectrum, and found to his amazement, that precisely as the two 
sodium lines coincide with the D lines of the solar spectrum, so 
every one of the iron lines had its counterpart in that spectrum — 
line for line. Here, then, lay the incontrovertible evidence that the 
vapour of iron existe in the solar atmosphere. Thus, one after 
another of the elements enumerated at p. 5, together with aluminium, 
manganese, and cobalt, were discovered as existing in the great 
luminary of day. 

NebulSB. — One of the most brilliant results of spectrum analysis 
is the evidence it adduces respecting the present condition of rion- 
terrestrial matter, and especially the light it throws on what is 
called "the nebular hjrpothesis. " Nebulae generally present the 
appearance of self-luminous or phosphorescent patches of matter, 
in a highly dilated or gaseous state, and scattered irregularly in all 
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directions through the remote heavens, bat richest in the regions 
farthest from the Milky Way. Altogether, about 8700 nebulffl are 
known, which may be divided into two great classes : 1, Those re- 
solved by powerful telescopes into mighty clusters of minute stars ; 
and 2, Those which cannot be so resolved. The first class exhibit 
spectra similar to those of the sun and his brother luminaries ; while 
the spectra of the second class are such as would be produced by 
glowing gaseous matter, exhibiting three bright lines — one the F 
line of the hydrogen spectrum, and another a une of nitrocen. This 
great difference among the nebulse being established by tne spectro- 
scope, it becomes a question whether those which are gaseous do 
actually aggregate in the course of ages, so as to form clusters of 
stars, and whether all the orbs in the stellar universe existed ori- 
ginaUy in the gaseous form. But, in the present state of astrono- 
mical science, no decided answer can be given to these questions. 
Many varieties of nebulfis exist within the limits of the sidereal 
system. Some undergo extensive variations, as that which sur- 
rounds Eta Argus ; others have completely disappeared ; while others 
still have recently come to view wnere formerly no nebulosity was 
discernible. 

The Vebular Hypofhesis.— The great German philonopher, Immanuel 
Kant, maintained, about a century ago, that the planetary bodies of the 
solar system, all rotating and revolving in the same direction, seem to have 
been created together, and to owe their motion to a single impulse. Sir 
W. Herschel suggested that the formation and growth of sidereal bodies 
are constantly gomg forward by the aggregation of nebulous matter ; and 
La Place, the great French mathematician, attempted to trace, from 
purely physical laws, the mode of o^ration of this development. ** He 
showed that a mass of gaseous or fluid matter, if made to rotate rapidly, 
would spread out in the plane of rotation, and become a thin disc, 
growing thinner and wider as the velocity of its rotation increased, till 
at length centrifugal force getting the better of cohesion, whole rings 
or fragments of the edge would ny off, and, contracting by gravitation 
into spheroidal masses, would continue to revolve round the centre 
from which they broke off. In these liberated masses the velocity 
of the outer edge would exceed that of the inner ; and this excess of 
velocity on one side would give the newly-formed spheroid a rotation 
on its axis. This process m^t be repeated a^ain and again with the 
same stratum — the successive spheroids revolving in continually nar- 
rower orbits — ^till at last the nebula is replaced bv a system of compact 
planetary bodies. In like maimer separated spheroids might, in the 
earliest stage of formation, throw off one or more fragments to become 
satellites." This splendid conception of La Place will undoubtedly 
account for not a few of the phenomena observed in the solar system. 
For example, it enables us to see why the remotest planets, formed of the 
most volatile and rapidly-moving matter, are also the largest and least 
dense, while the heaviest and smallest are near the centre. It fails, 
however, in explaining far more than it accounts for. It assigns no 
reason for the vast varieties of size observed among the planetary bodies ; 
for the remarkable variations of inclination of their axes and orbits ; for 
the retrograde motion of the satellites of Uranus and Neptune ; for the 
density of Jupiter's satellites being greater than that of their primary ; 
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for the great inclination and eccentricity of many of the asteroids ; 
and, above all, for the observed peculiarities of motion of those cometic 
and meteoric systems which we must now regard as regular members of 
the solar system (pp. 12, 13). Moreover, acconfing to this theory, Neptune 
must have been formed millions of ages before Uranus ; Uranus as long 
before Saturn ; Saturn before Jupiter — and so on. But as a matter of 
fact, the appearance of those members of the solar system which we are 
best able to study does not indicate any such enormous disproportion in 
their relative ages, but rather seems to show that they were formed at 
the same time ; and the origin and secular increase of size of the different 

Slanets may be accounted for, according to Mr A. B. Proctor, in a wholly 
ifferent way (see p. 14). So far from Jupiter and Saturn having an 
enormous antiquity, as compared with the earth, these planets have not 
yet had time to cool down, but appear to be in a state of dull-red heat ; 
while the rings of Saturn, which are often referred to as affording proof 
of La Place's theory, must now be regarded as evidence on the other 
side (p. 10). Again, why should Venus be less dense than the earth, 
which is more remote from the sun, or Saturn less deiise than Uranus ? 
For our own part, we believe that the forces which are at work in nature 
are not inherent in matter, but in that Almighty Being who not only 
summoned matter into existence, but who continues to sustain it in 
being and in the possession of all its properties. We further believe 
that material objects can never become the ultimate fountains of any 
species of power, and that mind is the true soubce of all poweb 

AND OF ALL MOTION. 

Atmospheres and Temperatares of the naaets. — As yet no 

trustworthy evidence has been obtained as to the existence of an 
atmosphere in the two planets nearest to the sun, or in the two most 
remote. That Venus has an atmosphere of considerable height and 
density is clearly established by observations taken at her last two 
transits. This atmosphere Vogel has analysed with the spectroscope, 
and found it to contain aqueous vapour. Owing to the planet's axis 
inclining 76° from the perpendicular, the seasonal differences of tem- 
perature must be extremely excessive, and wholly incompatible with 
the existence of any species of living beings with which we are ac- 
quainted. Of all the planets of the solar system, Mars most resem- 
bles our earth, presenting as he does continents and oceans, as well as 
polar regions permanently covered with snow, while the spectro- 
scopic observations of Mr Huggins show that his atmosphere is 
charged with the vapour of water. His axis being deflected from the 
perpendicular considerably more than in the case of our earth, his 
seasonal changes must differ correspondingly. The planets Jupiter 
and Saturn resemble each other in many particulars : they far tran- 
scend our earth in mass and volume ; they are adorned with magni- 
flcent systems of subsidiary bodies ; they are surrounded with a very 
deep vapour-laden atmosphere ; they are crossed with cloud belts of 
great depth, so that it is doubtful whether anything has ever been 
seen of the real surface of either planet; while, finally, they both 
appear to be expiring suns, no longer shining with all their wonted 
hgnt, but still capable of yielding important supplies of heat to the 
tiny orbs that revolve around them, which possibly may be the abode 
of living creatures. 
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XL— HOW TO FIND THE DISTANCE OF THE 

HEAVENLY BODIES. 

All our knowledge of the distance and magnitude of the 
celestial bodies is derived from what is known as Parallax — i.e., 
the apparent change of position in an object arising from a real 
change in the position of the observer ; in other words, it is the 
angle formed at the object by two straight lines drawn from it 
to the two points from which it is observed. 

Parallax. — Suppose we want to find the distance of the moon from 
the earth, let us seek out two places widely apart, and as nearly 
as possible on the same meridian, — say Greenwich and Cape Town. 
We shall fin(^ there is a sensible change in the position the moon 
apparently occupies on the background of the sky, the line joining 
the two places being used as a base line, and observations made on 
the moon at each end of it. The result is that the moon's mean 
horizontal parallax is 57' 2". 70, and therefore her mean distance 
238,818 miles. In general, the parallaxes of the planets are quantities 
far too small to be directly observed ; that of Mars, however, when 
in opposition with the sun, amounts to 24". 6. As seen from the 
sun, the earth's diameter is so small that it becomes useless as a base- 
line, and consequently the sun's distance cannot be thus determined. 
But "when Venus is at her inferior conjunction, and at the same 
time very near either node, her body will be projected on the sun's 
disc, and through the eft'ect of her proper motion combined with that 
of the earth, she will appear as a dark spot passing over the sun's 
disc, and describing a chord which will be seen under difierent 
aspects by spectators placed at different points on the earth ; be- 
cause, by reason of parallax, they refer the planet to difierent points 
on the solar disc The position of the spectator not only occasions a 
difference in the apparent path described by the planet, but has also 
a very sensible influence on the duration of the transit ; in conse- 
quence of which the parallax, and therefore the distance of the sun, 
can be determined with great exactness." The following sketch of 
the progress of this problem towards solution may interest the 
student. 

The Transit of Venus.— In 1874, the various Governments of Europe 
and America made gigantic preparations to observe accurately, and from 
many points of the earth's surface, that transit of Venus across the sun's 
disc which took place on the morning of the 9th December of that year, 
with the view of ascertaining the sun's correct parallax. To many it 
may seem strange that such efforts should have been made, and such 
sums lavished, for a purpose apparently so trivial as taking accurate 
note of the passage of a little dark spot over the face of the sun. But if 
we take into account the great advantage to be derived from this interest- 
ing occurrence, we must allow that all the labour and money have been 
wisely expended. By means of that transit astronomers hope to be able 
to solve, with greater accuracy than ever before, by far the grandest 
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problem in the whole range of the physical sciences — the distance of our 
planet from the sun. Assuredly no other problem is equal in importance 
to this, for on its solution depends our knowledge of the sun's magni- 
tude and weight ; the weights, sizes, and distances of all the planeto in 
the solar system ; and also the sizes, distances, and illuminating power 
of the innumerable fixed stars that spangle our heavens. To no other 
problem, therefore, have scientific men in all ages devoted such unremit- 
ting attention. But as it is the most important problem, so also it is 
confessedly the most difficult ; and for whole millenniums of the world's 
history the most gifted of our species had no conception of what the 
answer would turn out to be. 

Herodotus naiTates the first recorded attempts in this direction. These 
were made not long before his own time (500 B.C.), and were believed in 
by both himself and his contemporaries, though they placed the sun at 
no greater distance from the eartns surface than ten miles. Fifty years 
later, Anazagoras, the Ionian, estimated the sun's size as equal to that 
of the Peloponnesus, and, consequently, his distance as ld|000 miles. A 
century and a half later, Aristarchus, the astronomer of Samos, at- 
tempted the problem from a new direction (the moon's dichotomy), and 
announced the distance to be nineteen times that of the moon from the 
earth, or upwards of 5,000,000 miles. This, though only about a nine- 
teenth part of the actual distance, was the first attempt in the right 
direction. It is unnecessary to follow the blind gropings after truth 
that characterised the many centuries subsequent to Hipparchus and 
Ptelemy, who flourished — the one 150 years before the Christian era, 
and the other 150 years after it — and who, themselves great astronomers, 
were yet unable to advance any nearer to a true solution than the 
philosopher of Samos. During this long and gloomy night the human 
intellect enjoved a profound repose, giving few other proofs of its vitality 
than the sophistries of the Schoolmen. At length, however, the Euro- 
pean mind suddenly wakened up in unprecedented energy. Many grand 
events marked its awakening, as the invention of printing, the revived 
study of the ancient classical tongues, the discovery of America, and the 
Reformation in Germany. At the end of the sixteenth century science 
could boast of such intellectual heroes as Tycho Brahe in Denmark, 
Galileo in Italy, and Kepler in Germany. Until Kepler's time no man 
knew whether there was any connection between the distances of the 
various planets from the sun and the number of days occupied in their 
revolution. But this wonderfully gifted seer revealed to men three 
famous "laws," by one of which the distances and periodic times are 
so curiously related, that when you have ascertained the distance or 
periodic time of any one of them, and one of these elemente in the case 
of any other, you can at once calculate the other element. Surely, if 
there be such a thing as inspiration in matters connected with science, 
we must believe that such men as Kepler and Newten were insjpired. 
By means of the vastly increased power which the telescope and his own 
three " laws" gave him, Kepler made a fivefold nearer approximation to 
a true solution of our problem than had ever been done Wore. " The 
sun's distance," said he, " is not less than 26,400,000 miles. I should 
not like to say how many more it may be." 

Kepler's " laws " astonished all the astronomers, the more so as it was 
seen that they afforded a new key to the solution of the great problem 
of the ages. It could be shown that if, by any means, the distance of 
Venus, for example, from the earth could be ascertained, then the earth's 
true distance from the sun could be at once determined. Kepler had 
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shown that the distance of Venns from the sun bears to that of the earth 
from the sun the proportion of 72 to 100 ; whence it follows that the 
distance of the earth from Venus bears to that of Venus from the sun 
the proportion of 28 to 72. The distance of Venus from the earth, how- 
ever, is constantly varying ; but the shortest distance clearly is when 
Venus is directly between the earth and sun — that is to say, when, to a 
spectator on the earth, Venus is crossing the sun's disc. Such transits, 
however, occur very seldom, and at curiously regulated intervals, form- 
ing, indeed, a series, the terms of which, in years, are 8, 122, 8, 106, 8, 
122, &c. These, moreover, can only occur either in December or in 
June. The first predicted transit took place in 1631, but astronomers 
failed to observe it ; the next happened in 1639, and was witnessed by 
numerous scientific observers; the third in 1761, the fourth in 1769, 
while the fifth occurred in 1874. Previous to this the last available 
transit took place, as we have said, in 1769, or 105 years ago. It 
attracted an amoimt of attention, both in this country and on the 
Continent, that reflects the highest honour on the scientific zeal of the 
philosophers of the last century. Scientific expeditions were despatched 
to numerous well-selected localities, and many skilful observers took 
part in them. The exact longitudes, however, of these localities had not 
been previously determined, and this single source of error seriously 
interfered with the accuracy of the experiments. Accordingly, owing to 
this and other sources of eri'or, the various parties gave widely different 
estimates of the sun's distance, and there is ample reason to believe that 
they were all seriously in error. Delambre, the celebrated French 
mathematician, as early as 1789, took a mean of all the discordant 
results, and announced the sun's distance to be 96,100,000 miles. This 
result was received by all astronomers for many years ; but in 1820, 
Encke, Bessel, and other German astronomers, using refined mathe- 
matical processes, corrected Delambre's estimate, and reduced it to 
95,293,000. Almost every astronomer now living accepted this finding, 
till within the last ten or twelve years — the principal exception being 
Professor Henderson, first Asti'onomer Royal for Scotland, who, from 
his own observations taken at the Cape of Good Hope, insisted that the 
sun's distance must be reduced to 90,537,000. 

In this uncertainty the question of the sun's distance remained till 
1862, when the planet Mars, being "in opposition," afforded another 
and a good opportunity of forming an independent estimate of the 
sun's distance. Fully twenty-six independent sets of observations were 
taken, and all the improved, methods of modem science were put in 
requisition. The Russian astronomer, Winnecke, combined all the 
resiilts, and confidently announced the true distance to be 91,184,000, 
a result very slightly exceeding that of Henderson. In the same year, 
Foucault, an ingenious French investigator, made a series of interesting 
experiments on the velocity of light, which he found to be 185,000 miles 

Jer second, and from these, through the agency of the eclipses of 
upiter's satellites, and their difference of time as seen from opposite 
sides of the earth's orbit, he announced the distance of the sun to be 
92,254,000. Professor Stone, of Greenwich Observatory, gives 91 ,400,000 ; 
Newcome, of the United States, 92,306,000; Hall (also of the United 
States), 92,442,000 ; while the grand mean adopted at the Greenwich 
and Paris Observatories, since 1864, has been 91,430,000 miles. An 
elaborate attempt, made by W. Petrie, Esq., London, in 1869, to assign 
the relative weight due to each of the many mean results, gives a final 
grand mean of 92,061,000 miles, with a probable error of 90,000 miles, 
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plus or minus. We cannot expect much greater accaracy than this hj 
purely scientific methods, even including the herculean efforts put forth 
in 1874. Hitherto these have not been reported on by the various 
Governments, nor are they likely soon to be, as the veal calculations are 
very difiScult, and new sources of uncertainty have, it is understood, been 
discovered. The French savans, however, in order to gratify the justifi- 
able curiositv of their countrymen, have issued an interim report. We 
extract the following interesting communication from an article on the 
sun's parallax, which appeared in 'Les Mondes,' under date 15th April 
1875, and apparently from the pen of the editor : '* M. Puiseux has com- 
municated to the Academy the first results of the discussion, and of the 
reduction of the Venus Transit Observations made partly at the Isle of 
St Paul's, in the Indian Ocean, and partly at Pekin. The number or 
final sum given by the Observations for the Solar Parallax is 8". 879. 
This is equivalent exactly to the set of figures indicated by the Gt. 
Pyramid, which gives its meaning, however, in a more grand as well as 
more useful and generally intelligible form — ^^iz., as the linear direct 
distance of the earth from the sun [see p. 8]. M. Puiseux gives his 
Parallax number as being very exact ; the probable errors will not touch 
the second fractional figure." Well may the editor exclaim, " La Grande 
Pjrramide a vaincu ! " 



XII.— MAP-PROJECTIONS AND GEODETICAL 

SURVEYS. 

It is obvious, from the spherical fonn of the earth, that its 
surface can be best represented by means of the artificial slobe ; 
but even the largest globes do not admit of minute details, be- 
sides being both expensive and inconvenient. Hence, although 
no contrivance can reduce a curved surface into a plane without 
distorting some of the parts, we are obliged for particulars to 
have recourse to maps. A map is a plane representation of a 
sphere, or any part of it, and aims to snow the form and dimen- 
sions, as well as the relative positions and proportions, of the 
various countries of the world, just as they would appear to a 
spectator looking down upon them from a balloon. There are 
five principal methods of projection — viz., the Orthographic, 
Stereograpnic, Globular, Conical, and Cylindrical. In the first 
three the plane of projection, or the flat surface on which the 
map is drawn, is supposed to pass through the centre of the 
globe ; but in the Ortnographic the eye of the observer is sup- 
posed to be at an immeasurable distance from it ; in the Stereo- 
graphic it is presumed to be at the surface of the globe, and 
exactly opposite the central point of the map ; while in the 
Globular, it is supposed to be placed at a point whose distance 
from the surface of the sphere is equal to the sine of the angle 
of 46^ 
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The Ortliograplilc. —In this projection, as all the parallels are in 
planes perpendicular to the plane of projection, they will be repre- 
sented on the map by straight lines, while all the meridians, except 
the central one, will appear as elliptical curves. But as this method 
contracts the margins, and is only optically true, it is seldom used 
except for maps of the moon, which always presents to us the same 
face. 

The StereograpMc. — In this projection, owing to the proximity of 
the eye to the globe, the lateral parts of the hemisphere opposite the 
eye are enlarged, while those in the centre are contracted. This in- 
equality, however, ia not so great as to counterbalance the other 
advantages of this projection, which is generally adopted for Plani- 
spheres or maps of the hemispheres. 

The Glolmlar. — We have seen that the Orthographic projection 
contracts, while the Stereographic enlarges, the marginal portion of 
the map. In order to rectify these opposite defects. La Hire con- 
ceived that between the extreme positions of the eye in the two 
former projections an intermediate point of sight could be found by 
which tiieir errors could be minimised. This point he found to be 
at a distance from the surface of the sphere equal to the sine of 45^ 
or ^ of the diameter. In this projection (see diagram, p. 34) equal 
spaces on the sphere are represented by nearly equal spaces on the 
map. The spaces may be made absolutely equal, in which case it is 
called the Equidistant Projection^ which, owing to the great ease of 
its construction, is much used for representations of the two plani- 
spheres—some geographers preferring it, indeed, to the Stereographic. 
In all planispheres the projection is usually made on the plane pass- 
ing through the 20th meridian W. of Greenwich, by which arrange- 
ment the continuity of the great continents, or the Old and New 
Worlds, is uninterrupted. 

The ConlcaL — None of the foregoing projections is adapted to the 
construction of maps of continents or individual countries. For these 
the conical projection is invariably used. Suppose a paper cone to be 
placed upon an artificial globe (like an extinguisher on a candle) so 
as to ma^e the cone coincide with the central parallel of the coun- 
try which is intended to be mapped, and suppose the points on the 
sphere to be projected on the cone by lines drawn from the centre of 
the sphere. When this paper cone is spread out, all the distances 
along the mean parallel are as exactly laid down on the map as on 
the globe itself, while those on the extreme north and south parallels 
will be a little too long. In this projection the paitillels are always 
arcs of circles, and the meridians straight lines drawn from the apex 
of the cone, or common centre of the circles. 

Cylindrical or Mercator's.- For the facility of determining and 
laying down his course, the mariner requires such a projection as will 
enable him, while steering by his compass, to deal with straight lines 
only on his maps. This he could not do by any of the foregoing pro- 
jections ; for if he started from any point of the equator, for ex- 
ample, and steered in a N.£. course, his vessel would describe a 
spiral curve around the N. hemisphere. To meet this difficulty 
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Gerard Eauffman (Lat. Mercator, a merchant) devised* a most in- 
genious method by which the meridians and latitude circles are re- 
presented in parallel straight lines. By the diagram (p. 18) it will 
be seen that the area of a sphere is equal to the convex area of the 
circumscribing cylinder ABC D—the point of sight being at S, in 
the centre of the sphere. In this projection the spaces between the 
parallels are enlarged as they recede from the equator, and conse- 
quently all countries in the vicinity of the poles are greatly distorted. 
The law of increase of the degrees of latitude renders it impossible to 
extend the projection to the poles, and hence Mercator's maps do not 
usually extend beyond lat. 75°. Besides bein^ invaluable to navi- 
gators, this projection is of the greatest service to the student of 
physical geography, as it has the suivantage of exhibiting at once the 
whole world, with the true bearings and directions of aU the parts 
perfectly preserved. 

Choice of Projections. — The student will readily perceive that all 
the projections are not equally suitable for all purposes. In choosing 
projections for the maps of the grand divisions of the earth, and for 
particular countries, attention must be paid to their form, and to their 
extent in latitude and longitude, in order that the defects of the pro- 
jection may as much as possible be thrown into those parts where 
they will be of the least miportance. For the map of Europe 'the 
pure conic projection is preferable to all others. It is produced by 
the development of a cone supposed to intersect the sphere at the lat. 
of 45° and 65°, these being intermediate between the mean latitude 
of Europe (55°) and the extremes, 86° and 75°. The central meridian 
of our maps of Europe generally jyasses through the twentieth degree 
of east longitude. The same projection can be applied without any 
material disadvantage to the maps of Asia and North America, whUe 
it is still better adapted to the less extensive regions of the earth's 
surface, provided they be not situated immediately on the equator. 
For the maps of Africa and South America, both continents extend- 
ing on either side of the equator, it is customary to employ certain 
modifications of the Orthographic Projection. 

Qeodetical Sunreys. — Every student of Trigonometiy knows that 
the three angles of a triangle are equal to 180° (or two right angles), 
and that if we know any two of them we can instautly calcu- 
late the third. Moreover, when we know each of the angles of a 
triangle (t.e., their measure in degrees) we also know the proportion' 
cUe lengliis of the opposite sides, though not, of course, their absolute 
lengths. But if the len^h of one side is known, or if we can actually 
measure it, we can easil^r determine by means of the theodolite the 
exact length of the remaining sides. Hence, when two angles of a 
triangle are known, as also the length of one side, we can at once find 
out adl we want to know about the triangle. On these simple truths 
depend, not only the exact measurement of the shape and size of a 
field, but also the Geodetical or Trigonometrical surveys of kingdoms 
and continents. The measured line from which the rest are calcu- 
lated is called the base-line. However large the triangle may be, and 
however difiicult to measure it in detail by the foot-rule or standard 
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yard, when once the base-line and angles are aetermined, the merest 
tyro in trigonometry can readily tell the exact dimensions and area 
of the triangle. In extensive geodetical surveys a level plain of 
sufficient extent is selected for the base-line, and no pains are spared 
to obtain its length with the utmost precision. In the survey of the 
United Kingdom the sides of some of the triangles exceeded 100 
miles. Two of the principal base-lines measured were — that on 
Hounslow Heath, about 5 miles long, and that near Lough Foyle, in 
Ireland, nearly 8 miles in length. By means of this triangulation the 
whole error in the length of the kingdom is probably less than 3 ft. 
We have stated that two angles and one side must be known before 
we can make any progress in our survey. If these three things are 
not told us, we can generally find them out for ourselves — viz., by 
measuring the line by the chain (66 ft. long, or the ^V P^ ^^ & mile) 
so as to ascertain how many feet and inches it contains, and by de- 
termining the horizontal angles at either end of the line by means of 
the Theodolite. This is the most common and useful instrument for 
horizontal-angular measurements (the quadrant being no longer em- 
ployed), and consists of two graduated circles perpendicular to each 
other, one of which is fixed in a horizontal and the other in a vertical 
plane. On the vertical circle is placed a telescope furnished with a 
spirit-level. The telescope moves vertically about a horizontal axis, 
which passes through the centre of the vertical arc By means of 
this instrument the ancles at the extremities of the horizontal base- 
line (the length of whicn we have already determined) can be read off 
with the utmost precision. The merit of applyinc Trigonometry to 
geodetic operations belongs to Willebrod Snell, who in 1617 under- 
took a survey of Holland for the double purpose of establishing the 
geographical position of the principal cities in that country, and 
measuring a degree of the terrestrial meridian (see p. 19). Since that 
time, such has oeen the progi*ess of geodetic triangulation that now 
every country in Europe has been carefully surveyed, together with 
India, the United States, and various other coontnes. 
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Atomic weight of bodies, 29. 

Atoms, 36, 37. i 

Attractive energy, ao, a6. 

Auroras, 96. 

Australia, 38; life in, 107: mountains, 

47 ; v^tation, 99. 
Autumn, 30, 33. 
Avalanches, 87. 
Axis of earth, 30-33 ; of planets, 9, 135, 

X36; of sun, 4. 

Barium. 5, 39. 

Barometer, 73, 74. 

Barometric pressure, 64, 73, 78, 79. 

Barrier-reefs, 35. 

Batrachian reptiles, 133, 133. 

Beaches, raised, 43. 

Bed of ocean, 43, 53, 58. 

Belemnites, 133. 

Beryllium, 39. 

Binary compounds, 38. 

Biology, 96. 

Birds, Z06, X09, 133. 

Bismuth, 30, 39. 

Bores, 54. 

Boron, 30. 

Botuiical regions, 98. 

Botany, 96. 

Boulders, 136. 

Breezes, 78. 

Brightness of sun, 3. 

Bromine, 39. 

Cadmium, 39. 

Caesium, 39. 

Cainozoic period, zi8, 135. 

Calamites, X3z, 132, 133. 

Calcic carbonate, 53 ; sulphate, 53. 

Calcium, 5, 39. 

Calms, zone o( 77. 

Cambrian system, zz8. 

Carbon, 30, so, X09. 

Carbonic acia, 66, 108. 
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Carboniferous system, lax. 

Canlinal points, 36. 

Cassegrainean teMsoope, 129. 

Cataracts, 69, 137. 

Caucasian race, 1x3. 

Centriftual force, 6. 

Centripetal force, 6. 

Cereals, xoo. 

Cerium, 39. 

Challenger Expedition, 53, 57, 59, 63. 

Chelonians, 133. 

Chemical aflOnity, 38; elementst 38; 

rays, X3x. 
Chlorine, 39. 
Chromium, 5, 39. 
Chromosphere, 4. 
Chronometer, 35. 
droles of globe, 33, 36, 43. 
Cirrus clouds, 8x. 
Climate, 31, 88. 
Climatic zones, 89. 
Cloud-belts, X36. 
Clouds, 79, 8x, 83. 
Coal, 30, 30, XX 5, X3X-X33. 
Coast-lines, 40. 
Cobalt, 39, 94, X34. 
Cohesion, 37. 
Coloured stars, x6. 
Colures, 34. 
Comets, 13, 13. 
Compass, mariner's, 35, 95. 
Cone-bearing trees, x 20-133. 
Configuration of surface, 37. 
Conical projection, x^, 143. 
Constituents of earth's crust, X9. 
Continents, 38, X4x ; origin of, 41. 
Contour, 39. 
Copper, 5, 90, X30. 
Copperas, X33. 
Coral insect, 53. 
Coral islands, 35, X09. 
Coral reefs, 35, 137, x38. 
Corona, 4, 5. 
Creation, centres of, 97. 
Cretaceous system, 134. 
Crevasses, 87. 

Crust of earth, 30, 33, 34, 137. 
Crustaceans, 53, x3o-x33. 
Cryptoffams,'o6. 
Crystallography, xxs. 
Ctenoids, X24, 136. 
Currents, ocean, 55, 58, 60-63 ; wind, 

76. 
Cycadaceous plants, 133, X34. 
Cycloids, 134, 136. 
Cyclones, 4, 78. 
Cylindrical projection, 140, 243. 

DifHTN, X33. 

Day. 30, 3a- 

Declination, 95. 

Definite proportions, 30. . 

Deinosaurs, 233. ^ 

Deltas, 68. 

X)ensity of atmosphere, 73 ; of earth. 



30 ; of planets, 9 ; of satellites, xo ; 

of sea-water, 53. 
Depth of oceans, 51, 57, 59, 60, 6x, 63. 
Devonian system, xso^ x3x. 
Dew, 80. 

Diameter of earth, 17. 
Diamond, 1x5. 
Dichotomy of moon, 137. 
Dicotyledonous trees, X34. 
Didymium, 39. 
DiflTerence of pressuro, 79. 
Dip, 95. 

Dispersion of nations, 1x3. 
Dissemination of plants, gj. 
Distance of heavenly bodies, X37; of 

sun, 3, 8, 9, X36-X39. 
Distribution of animals, X05 ; of sea and 

J*^^d, 37, sx, X36. 
Diurnal motion, 30. 
Doldrums, 84. 
Domestic animals, xo6. 
Double stars, x6. 
Dyes, Z03. 

Earth, z, 8, X7; antiquity o^ 137; axis 
o^ 30, 31 ; circles of, 33 ; density of, 
so, 3x ; internal heat of, 3x ; mate- 
rials o^ xp: motions of, 29-3X; ro- 
tundity of, z8; secular cooling of, 

X37. 

Earthquakes, 34. 
Eccentricity of planets, 58. 
Echinoderms, 53. 
Eclipses, 4, XI, 33, X39. 
Ecliptic, 33. 

Edible leaves and roots, xoz. 
Electric spark, X33. 
Electricity, 02, 94. 
Elevation ofland, 31, 88, 126. 
Energy, attractive, 36. 
Eocene formation, 135. 
Equator, 33. 

Equilibrium of atmosphere, zo8. 
Equinoxes, 32, 33. 
Equiseta, x2x, X23. 
Erbium, 29. 

Eruptions, volcanic, 23. 
Estuaries, 68. . 
Ether, ^. 

Ethiopian race, 1x4. 
Ethnography, xxi. 

Europe, 38, X26; life in, X07; moun- 
tains, 45 ; v^^tation in, 99. 
Evaporation, 79. 
Exogenous trees, X34. 
Exterior planets, 578. 
Extinct animals, xo8. 
Extreme climate, 89. 

Fabsics, textile, X03. 
FaculsB, 4. 
Fall-cloud, 8x. 
Falling stars, 13. 
Fauna of continents, Z07. 
Ferns, X33. 
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fire-balls, 13. 

Fishes, zao-xaa. 

Fixed stars, 14, 15, 133, 138. 

Flagstones, 120, 133. 

Flax, X03. 

Floes, 87. 

Flora of continents, 99. 

Fluorine, 39. 

Fog, 79. 

Food, staples of, xo3. 

Food-plants, xoo. 

Fresh water, 53. 

Frigid zones, 37. 

Fringing ree£s, 35. 

Fruit-trees, xoa. 

Fiicoids. xx8, X33. 

Fumaroies, 34. 

QaLKNA, 133. 

Gallium, 38, 39. 

Ganoids, X2x, 136. 

Gas, X08, iz^. 

Gaseous bodies, 3a 

Geodetic surveys, X43 

Oeology, 53, XX4. 

Geysers, 33. 

Glacial epoch, x36. 

Glaciers, 86. 

Globular projection, 141. 

Gold, 3o, 39, X20. 

Grain, xoi. 

Granitic rocks, zi6. 

Graptolites, xx8. 

Gravitation, 36. 

Gregorian telescope, X38-X30. 

Great pyramid, x8, 21, X40, 

Gypsum, X23, X26. 

Hail, 85. 

Heat, 3, 2x, 38, X31. 

Heavenly bodies, distance of, 137. 

Herschelian telescope, 129. 

Hexagonal system, 1x5. 

Hoar-frost, 80. 

Horizon, 35. 

Hot springs, sz. 

Humboldt glacier, 86. 

Hurricanes, 78. 

Hydrogen, 5, 20, 38, 29. 

Hypeiadapedon, X23. 

ICJB- 52, 61, 63, 81, 87. 

Iceoen^s, 87, X26. 

Ice-flelds, 87. 

Igneous phenomena, 34. 

Igneous rocks, xx6, 117. 

Inclination of axis of earUi, 31 ; of 

needle, 95 ; of planets, 9, X36. 
Indium, ao. 39. 
Inflammables, 1x5. 
Inftisoria, 53. 
Inland seas, 64. 
Insects, 57, xck4, X09, Z3X. 
Interior planets, 7. 
Intermittent springs, 22, 66. 



Internal heat, 21. 

Iodine, 29. 

Iridium, 29. 

Iron, 20, 29, X2X, Z33, 134. 

Ironstone, x2x. 

Islands, 7X ; continental, 71 ; coral, 25, 

73 ; volcanic, 33, 73. 
Isobaric lines, 91. 
Isocheimals, 89. 
Isotherals, 89. 
Isothermals, 89. 

Jasper, x3x. 

Jatamansi, X03. 

Jupiter, 5, 7-9, Z36 ; satellites o( Z38|| 

X36, 139. 
Jurassic system, 133, X36» 
Jute, X04. 

Eainozoic system, xx8, X35. 
Keuper, X33. 

Lakes, 76. 

I^a^id, 37, 38. 

Land-breezes, 78. 

Landes, 5X. 

Tianthannm, 29. 

Latitude, 33, 36, 88 ; parallels of, X41. 

Laurentian system, xi8. 

Lava, XX 7. 

Lavcesium, 28, 29. 

Lead, 29, 120, 122. 

Leap-year, «. 

Leaves, edible, xoi. 

Lenses, X28. 

Lepidodendra, X2x. 

Lias, x2^. 

Life, ammal, 52, 96, X04, 108. 

^e^t, 3, 4, IS, x7, 94, 129, X31, 139 S 

velocity of, 15, 94, X40. 
Light, zodiacal, 5. 
Lightning, 03. 
Lignite, 120. 
lime-light, 3, X34. 
Limestone, 120-123, ^^^ 
Line, snow, 8^, 88. 
Lines, co-tidal, 54. 
Lithium, 29. 
Lithology, XX4. 
Llanos, 50. 
Longitude, 33, 34. 
Low pressure, 78. 
Low tides, 12. 
Luxuries, xo3. 

Magnesic chloride, 53 ; sulphate, 53. 
Magnesium, 20. 

Magnetic incknation, 95; needle, q«; 
poles, 64, 94, 95. "* 

Magnetism, xz, 92, 94. 
Mammals, X23, 126. 
Man, zzz, Z27. 
Manganese, 29, 134. 
Maprprojections, 140. 
Marble, 123. 
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Marinei^B oompara, 35, 95. 

Mars, 5, 8, o, 137, 139. 

Mass of earth, 9, 17, 2z. 

Materials of earth, 19. 

Mathematical divisions of earth, 33; 

geography, a. 
Matter, conditions of, 36, 37. 
Medicinal plants, 103. 
Mercuiy, 5> 8, 9, ao^ 39, xao, 136. 
Meridians, xo, 53, 34, X4X. 
Mesozoic period, zx8, 133, X24. 
Metals, 19, ao^ 39, X14. 
Metamorphic regions, xsa 
Meteorites, 4, 13. 
Meteors, zo, 13, 14, X31, 136 ; August, 

Metrology, i& 

Microscope, 138. 

Milky way, x6. 

Minerals, ao^ 1x4, 1x5. 

Mines, 3x. 

Minor planets, o. 

Miocene formation, 30, 135. 

Mist, 70. 

Moleciiles, 36, 37. 

Molluscs, 53, X04, xao. 

Molybdenum, 39. 

Mongolian race, XZ4. 

Monoclinic system, 1x5. 

Monoclinohedric system, 1x5. 

Monsoons, 76, 83. 

Moon, 9, xo, xz, X35; dichotomy of, 

137- 
Moraines, 87. 
Mosses, X2X. 
Motions of earth, annual, qx ; diurnal, 

30 ; precessional or secular, 33. 
Mountain chains, 411 83 ; systems, 43. 
Movements of atmosphere, 76 ; of 

ocean, 53. 
Mud volcanoes, 34. 
Muschelkalk, 133. 

Nadiil 36. 

Naphtha, xsa. 

Narcotic plants, xo3. 

Native metals, X14. 

Natural history, X04. 

Neap-tides, xs. 

Nebula, X34, 135. 

Nebular hypothesis, X34-Z36. 

Needle, magnetic, 95. 

Negro race, 1x4. 

Neptune, 5, 8, 9, 136. 

Newtonian telescope, 136, 139. 

Niagara, Falls of; 69, 137. 

Nickel, 5, 39. 

gight, 30, 33. 

N obium, 39. 

Nitrogen, 30, 39, xo8. 

Nitrous gas, 133. 

Nodes, 34, 

Oblatk spheroid, 17. 

Oceanic currents, 55, 136; islands, 7a. 



Oceans, so, 51. 

Ochre, xss. 

Old Bed Sandstone system, xsa 

Oolitic system, X33. 

Optical instruments, X38. 

Orbits of planets, 6, 9, 135, 139. 

Orbitual motion, 31. 

Origin of continents, 41; of races, zza. 

Ornamental woods, xos. 

Orthographic projection, Z4X, 743. 

Osmium, 39. 

Oxides, sa 

Oxidised stones, 1x4. 

Oxygen, ao^ 39, xo8, 109. 

Fachtdermata, X35. 

Pack-ice, 87. « 

Palffiontolc^, XX4, XX7, 135. 

Falseozoic period, 1x8, 133. 

Palladium, 39. 

Fahns, xos, xsx. 

Pampas, 4s, 5a 

Parafflne, xss. 

Parallax, xs, X37, 139, X40. 

Peninsulas, 39. 

Perennial congelation, 88. 

Perftimes, X03. 

Periodic eruptions, 33; lakes, 7a 

Permian system, xss. 

Petroleum, xss. 

Phenogams, 97. 

Phosphorus, 39. 

Photosphere, a. 

Physical constitution of sun, 5 ; of 
planets, X33, X36; of stars, 17. 

Physiography, i. 

Flacoids, xsx, xsfi. 

Plains, 40. 

Planetoids, 5. 

Planets, 5, 9, is. 

Plants, 9, zoo, Z08. 

Platinum, so, 39. 

Pleiades, z6. 

Pliocene formation, zss. 

Polar circles, 36; currents, 56; diame- 
ter, p, Z7, z8 ; zone, 91. 

Polari^, 94. 

Pole-star, 33, 35. 

Poles, 33. 

Porcelain, 135. 

Post-pliocene system, 31, xs6. 

Potassium, 39. 

Power, attractive, 19. 

Prairies, 50. 

Precession of equinoxes, 33. 

Precessional motion, 3s. 

Prehistoric formation, 137. 

Pressure, 64, yz, 78, 79. 

Prevaihng winds, 89. 

Prime meridian, 34. 

Projections, map, X40 ; choice of, X43. 

Prominences, 4. 

Proofc of eartlrs rotundity, 18. 

Propagation of light, 3, 4. 

Protozoans, 104. 
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Proximity to land or water, 88, 89. 
Pyramid, great, 18, 21, 140. 

Quadrant, 143. 
Quadratic system, 115. 
Quaternary system, 26. 

Races, characteristics of, 113; origin 

o^ X12. 
Badiates, 104. 
Badius of earth, 17. 
Rain, 80; distribution of, 82. 
Rainbow, 131. 
Rain-cloud, 81. 
Rain-drops, 8a 
BainfiUl, 83. 
Rainless r^ons, 84. 
Range of domestic animals, 106. 
Range of plants, xoo. 
Ranges, mountain, 42. 
Rapids, 69. 
Rays of light, 131. 
Recent formation, 127. 
Reflectors, 128, 129. 
Refraction of lighf, 129. 
Refractors, 128, 129. 
Regions, botanical, 98. 
Regular system, X15 
Relation between plants and animals, 

X08: of solar system to universe, 

14. 
Rekef, vertical, 40. 
Remarkable trees, 103. 
Reptiles. X21-X24. 
Restriction of animals to certain spots, 

X05. 
Revolution of apsides, 33 ; of comets, 

X3; of earth, 31; of planets, 9. 
Rhodium, 29. 
Rhombic system, 115. 
Rivers, 53, 67-69. 
Rocks, formations of, 115. 
Roofing-slates, x2o. 
Rotations on axis, 135. 
Rotundity of earth, 18. 
Rubidium, 29. 
Ruthenium, 29. 

Baune ores, 1x4; stones, 114. 

Salses, 24. 

Salt, 53. 

Saltness of ocean, 52, 53, 64. 

Sandstone, 121-X23 

Satellites, 2, 8-xo, 129, X35 ; density 

of, xo. 
Saturn, 5, 9, X36; rings o^ xo, 128, 

136. 
Sauroid fishes, X22. 
Sea-bottom, 52, 127. 
Sea-breezes, 78. 
Sea-water, 53. 
Seas, inland, 64. 
Seasons, 30 ; alternations of, 32. 
Secular motion of earth, 32. 
Sedimentary rocks, 117. 



Selenium, 29. 

Selvas, 50. 

Sextant, 35. 

Shale, X2X. 

Shooting-stars, X3. 

Sidereal day, 30. 

Sigillariee, 121. 

Si lea, 53 ; silicious infriBoria, 53. 

Silicon, 20, 29. 

Si urian system, xx8, x2o. 

Silver, 20, 120. 

Size of planets, 9, 138. 

Slope, 88. 

Snow, 8ot 84 ; flakes, 85 ; line, 84, 88. 

Sodic chloride, 53. 

Sodium, 5, 29, X33, X34. 

Soil, nature of, 89. 

Solar day, 30; parallax, 137, X40 ; spec- 
trum, X30; system, 2, 8, 9, X2, 14. 

Solfktaras, 24. 

Solstice, 32. 

Space, 3. 

Species of animals, 105; antiquity of, 
97; extinct, xo8; of plants, 97; unity 
of, XXX. 

Specific gravity, 3, 9, 20. 

Spectroscope, 5, 17, X28, 134, 136. 

Spectrum analysis, 132, X33. 

Spices, X03. 

Sponges, 52. 

Spots, sun, 4. 

Springs, 65; hot, 2x ; spring-tides, xa. 

Staganolepis, 123. 

Standards of metrology, x8. 

Staple articles of food, 102. 

Stars, X3-1S, 133, 136. 

Steppes, 51. 

Stereographic projection, 140-142. 

Storms, 78. 

Stratified rocks, 117. 

Stratus clouds, 81. 

Strontium, 29. 

Submarine telegraph, 93. 

Subsidence of land, 42, 126. 

Substances obtained from trees, X03. 

Succession of life, 1x9. 

Sulphur, 20, 29, xxs. 

Sulphuretteid metals, XX4. 

Summer, oo ; clouds of, 8x. 
'Sun, 39; brightness of, 3; constitution 
o^ 5 ; distance oi; 3, 8, 9, i^6-x39 ; 
heat of^ ^ ; light, 3 ; size and mass, 
3 ; specific gravity of, 3 ; spots, 4. 

Surface, configuration of, 37. 

Surveys, geodetical, 142. 

Sweet-scented woods, 103. 

Systems, mountain, 42. 

Table-lands, 49. 
Tangential force, 6. 
Tantalum, 29. 
Telegraph, submarine, 93. 
Tel^^phic plateau, 58. 
Teleosteans, 124. 
Telerpeton, 123. 



150 



INDEX. 



Telescope, 15, i38-x3a 

Tellurium, 28, 29. 

Temperate zones, 36 ; life in, xxo. 

Temperatureof atmosphere, 74, X36; of 

oceans, 52; of planets, 130. 
Tertiary system, 125, X28. 
Tessend svstem, 1x5. 
Tetragonal system, 1x5. 
Textile fiibrics, X03. 
Thallium, 29. 
Theodolite, 143. 
Thermal springs, az. 
Thermometer, 75. 
Thorium, 39. 
Thunder, 93. 
Tidal wave, 53. 
Tides, XX, 53. 
Timber from trees, 103. 
Tin, 39. 

Titanium, 30^ 39. 
Torrid zone, 36 ; life in, zia 
Torsion balance, so. 
Trade-winds, 56, 58, 76, 77. 
Transit of Venus, 137. 
Transmission of heat, 3 ; of light, 3. 
Transportation of rivers, 68, 
Tiappean rocks, xx6. 
Tree-ferns, 131, X33. 
Trees, fruit, xo3. 
Triassic system, xsx, X33, X84. 
Tributaries, 67. 
Triclinic system, X15. 
Triclinohedric system, 1x5. 
Trilobites, X30-122. 
Tropical zones of vegetation, 36, xxo. 
Tropics, 36. 
Tundras, 51. 
Tunnels, sx. 
Tungsten, 39. 
Twilight, X33. 
Typhoons, 78. 

UNrrr of species, xxi. 
Unstratifled rocks, xi6. 
Upheavals, slow, X36. 
Uranium, 30. 
Uranus, 5, 8, 9, 136. 
Useftil substances obtained from trees, 
X03. 



Vallstb, 68. 

Vanadium, 29. 

Vapour, 38, 79, 83. 

Variable stan, x6 ; winds, 77. 

Vegetable kingdom, 30, 97. 

Vegetation in different continents, 

Vdocity of electricity, 94 ; of light, 15, 

94, 139 : of rivers, 67. 
Venus, 5, 9, X37, X38 ; transit of, 137. 
Vertebrates, xoi. 
Vertical currents, 56 ; relief, 4a 
Vibrations of pendulum, 31. 
Volcanic rocks, 1x7. 
Volcanoes, 33. 
Volume of planets, g, 17 ; of riven, 

67. 
Vulcan, 5, 9. 

Watir, 38, 80. 
Waters of the land, 51, 65. 
Waterfalls, 69. 
Water-parting, 40^ 67. 
Watersned, 40, 67. 
Wave, tidal, 53. 
Waves, 54. 
Wealden, X34. 
Weight of atmosphere, 73. 
Weight of plane1», 9, 138. 
White race, X13. 
Windings of rivers, 68. 
Winds, 76, 83, X09. 
Winter, 33. 
Wood, 30. 

Year, 31. 
Yttrium, 39. 

ZENrrH, 36. 

Zinc, 39, 133. 

Zirconium, 39. 

Zodiac, 34. 

Zodiacal light, 5. 

Zones. 36, 37; botanical, 98; of calms 
and variables, 77; climatic, 89; of 
constant precipitation, 77; life in, 

XTO. 

Zoology, 9jS, X04. 
Zoophytes, xx8. 



THE END. 



PBUmCD BT WILLIAM BLACKWOOD AND 80278. 



WORKS BY THE SAME AUTHOR. 



Seventh Thousand. Carefully Revised. 

A MANUAL OF MODERN GEOGRAPHY, Mathe- 
matical, Physical, and Political. Crown 8vo, pp. 676. Ts. 6d. 

This volume — the result of many years* unremitting^ application — is 
specially adapted for the use of Teachers, Advanced Classes, Candi- 
dates for the Civil Service, and Proficients in Greography generally. 

*'We must admire the ability and persevering research with which he has 
succeeded in imparting to his 'Manual' so much freshness and originality. In 
no respect is this character more apparent than in the plan of arrangement, by 
which the author commences his description of the physical geograpny of each 
tract by a sketch of its true basis or geological structure. It is, indeed, a most 
useful school-book in opening out geographical knowledge."— .innuoj Address of 
the President of the Eoycd Gtographictd Society. 

Fortieth Thousand. 

ELEMENTS OF MODERN GEOGRAPHY. Revised 

to the present time. Crown 8vo, pp. 300. 88. 

"There is no work of the kind in this or any other language, known to me, 
which comes so near my ideai of perfection in a school-book, on the important 
subject of which it treats. In arrangement, style*, selection of matter, clearness, 
and thorough accuracy of statement, it is without a rival ; and knowing, as I 
do, the vast amount of labour and research you bestowed on its production, I 
trust it will be so appreciated as to insure, by an extensive sale, a well-merited 
reward."— -4. KEITH JOHNSTON, Geographer for Scotland, AtOhmr of the ^Boyai 
Atlas,' Ac, 

Fourth Edition, with a Chapter on Scripture Greography. 

THE INTERMEDIATE GEOGRAPHY. Intended as an 

Intermediate Book between the Author's * Outlines of Geography ' 
and ' Elements of Geography.' Crown 8vo, pp. 208. 2s. 

One Hundred and Sixth Thousand. 

OUTLINES OF MODERN GEOGRAPHY. Revised 

to the present time. ISmo, pp. 112. Is. 

Sixty-Ninth Thousand. 

FIRST STEPS IN GEOGRAPHY. Revised to the 

present time. ISmo, pp. 56. Sewed, 4d.; in cloth, 6d. 

GEOGRAPHY OF THE BRITISH EMPIRE. From 

' First Steps in Geography.' 3d. 

FACTS AND DATES; or, The Leading Events in 

Sacred and Profane History, and the Principal f^ts in the various 
Physical Sciences : the Memory being aided throughout by a Simple 
and Natural Method. For Schools and Private Reference. SSecond 
Edition, with copious Index. Pp. 384. 4s. 



WILLIAM BLACKWOOD & SONS, Edinbueoh and London. 



LIST 



OF 



EDUCATIONAL WORKS 



PUBLISHED BY 



WILLIAM BLACKWOOD & SONS 



46 OEOROE STREET, EDINBURGH; and 
37 PATERNOSTER ROW, LONDON. 



ENGLISH 

ETYMOLOGICAL DICTIONARIES. 



I. 
AN ETTMOLOQIOAL AND FBONOUNdNG 

DIGTIONABT OF THE ENGLISH LANGUAGE. 

Including a very Copious Selection of Scientific, Technical, and 
other Teims and Phrases. Designed for Use in Schools and Col- 
leges, and as a Handy Book for General Reference. By the Rby. 
JAMES STORMONTH. The Pronunciation carefully reTised 
by the Rkv. P. H. PHELP, M.A. Fourth Edition, revised, and 
enlarged with a Supplement of many additional words ; and a List 
of Scripture proper names, and other names, all respelt for pronun- 
ciation. Crown 8vo, pp. 785, 7s. 6d. 

n. 

THE 80H00L ETYMOLOGIOAL DIOTIONABT AND 

WORD-BOOK. Combining the advantages of an ordinary Pro- 
nouncing School Dictionary and an Etymological Spelling-Book. 
Containing : The Dictionary— List of Prefixes— List of Postfixes — 
Vocabulary of Root-words, followed by English Derivations. By 
the Same. Fcap. 8vo, pp. 260. 2s. 

ni. 
THE HANDY SCHOOL DICTIONABT. For Use in 

Elementary Schools, and as a Pocket Reference Dictionary. By 
the Same. Pp. 268. 9d. 



THE DAILY GLASS -BOOK OF ETYMOLOGIES. 

B^g a Reprint of the Appendix to the 'School Etymological 
Dictionary and Word-Book.^ For Use in Schools. By the Same. 
6d. 



OPINIONS OF THB PRESS, 

ET7M0L0OICAL ASB PSONOUlfCIirO DICTIONABT. 

"This Dictionary is admiiable. The etymological part especially is good 
and sound. . . . The work deserves a place in every RngHah school, whether 
boys' or girls'."— FFcftmifuter BeoUw, 

"A good Dictionary to people who do much writing is like a life-belt to 
people who make ocean voyages : It may, perhaps, never be needed, but It is 
alwava safest to have one at hand. This use of a dictionary, though one of the 
humblest, is one of the most general For ordinary purposes a very ordinary 
oictfonary will serve ; but when one has a dictionary, it is as well to have a 
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STOEMOirrH'S DICTIONABLBS— Qptniofw c(mtinwd. 

good one. . . . Special care seems to have been bestowed on the pronnn- 
ciation and etymological derivation, and the * root-words ' which are given 
are most valuable in helping to a knowledge of primary significations. All 
tbroogh the book are evidences of elaborate and conscientious work, and any 
one wno masters the varied contents of this dictionary will not be far oflT the 
attainment of the complete art of 'writing the English language with pro- 
priety,' in the matter of orthography at any rate."— Be^/tut NofrUm^ Whig. 

** A foil and complete etymological and explanatory dictionary of the English 
language. . . . we have not space to describe all its excellences, or. to point 
oat in detail how it differs from other lexicons ; but we cannot with Justice 
omit mentioning some of its more striking peculiarities. In tide first place, it 
is comprehensive, including not only all the words recognised by the best 
authorities as sterling old English, but all the new coinages which have passed 
into general circulation, with a great many scientific terms, and those which 
come under the designation of slajig. . . . The pronunciation is careftilly and 
clearly marked in accordance with the most approved modem usage, and in 
this respect the Dictionary is most valuable and tiioroughly reliable. As to the 
etymology of words, it is exhibited in a form that fixes nself upon the memory, 
the root-words showing the probable origin, of the English words, their primary 
meaning, and their equivalents in other languages. Much useful information 
and instruction relative to prefixes, postfixes, abbreviations, and phrases from 
the Latin. French, and other languages, jcc, appropriately follow the Diction- 
ary, which is throughout beautifiilly and most correctly printed. "—CHviZ Serviet 
Gazette. 

"A really good and valuable dictionary."— JcmmoZ o/Edueaiion. 

" I am happy to be able to express — and that in the strongest terms of com- 
mendation—my opinion of the merits of this Dictionary. Considering the ex- 
tensive field which it covers, it seems to me a marvel of painstaking labour and 
general accuracy. With regard to the scientific and technical words so exten- 
sively introduced into it, I must say, that in this respect I know no Dictionary 
that so satisfactorily meets a real and widely felt want in our literature of re* 
ferencei I have compared it with the laxga and costiy works of Latham, 
Wedgwood, and others, and find that in the ftdness of its details, and the 
deamess of its definitions, it holds its own even against tiiem. The etymol(%y 
has been treated throughout with much intelligence, the most distinguished 
authorities, and the most recent discoveries in philological science, having been 
laid under careftil contributioa "—iiicAard D. Chraharni, Esq., Eiwlish Master , 
CoUegsJbr Daughters of Ministers oflhs Church of Scotiand and of Professor* in 
ih4 SeotHsk Univurtitiss, 

SCHOOL ETTMOLOOICAL DICTIOlSrABT. 

"This Dictionary, which contains every word in ordinary use, is followed up by 
a careftillv prepared list of prefixes and postfixes, with illustrauve examples, and 
a vocabulary of Latin, Greek, and other root- words, foUowed by derived English 
woida. It will be obvious to every experienced teacher that these Usts may 
be made available in many ways for imparting a sound knowledge of the English 
language, and for helping unfortunate pupils over the terrible difficulties of our 
unsystematic and stubborn orthographv. We think this volume will be a valu- 
able addition to the pupil's store of books, and, if rightly used, will prove a safe 
and suggestive guide to a sound and thorough knowled^ of his native tongue." 
^Ths SdiMlmaster, 

"Mr Btormonth, in this admirable word-book, has provided the means of 
carrying out our principle in the higher classes and of correcting all tiie iit- 
exactness and want of completeness to which uie English student of English 
is liable. His book is an etymological dictionaiy curtaued and condensed.- . . . 
The pronunciation is indicated by a neat systeai of symbols, -easily mastered 
at the outset, and indeed pretty nearly speaking for themselvei."— SmooI Board 
ChronieiU. 
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GBOGHIAPHY. 



Seyenth Thoiuand. 

New Edition, thoroughly revised and brought down to the present time. 
MANUAL OF MODEBN QEOQBAPHY: Mathemati- 
CAL, Phtsioal, and Politioal ; on a new plan, embracing a com- 
plete development of the Biver Systems of the Globe. By the 
Bev. Alexander Maokat, LL.D., F.B.G.S. Bevised to date of 
I>ablication. Crown 8vo, pp. 688. 7s. 6d. 
This volume — ^the result of many years' unremitting application — is 
specially adapted for the use of Teachers, Advanced Classes, Candidates 
for the Civil Service, and proficients in geography generally. 

In this edition tiie entire work has been subjected to another 
thorouf^h revision. All political changes are careftdly represented ; the 
social, mdustrial, and commercial statistics of all coimtries are brought 
down to the latest dates ; and the rapid progress of geographical dis- 
covery is duly notified. In short, no pains have been spared to render 
the work wholly reliable in every department. 

Portieth Thousand. 

ELEMENTS OF MODEBN QEOOBAPHY. By the Same. 

Bevised to the present time. Crown 8vo, pp. 800. 8s. 
The 'Elements' form a careful condensation of the 'Manual,' the 
order of arrangement being the same, the river-systems of the globe 
playing the same conspicuous part, the pronunciation beinggiven, and 
the results of the latest census oeing unifonnlv exhibited. This volume 
is now extensively introduced into many oi the best schools in the 
kingdom. 

One Hundred and Sixth Thousand. 

OUTLINES OF MODEBN QEOQBAPHT. By the Same. 

Bevised to the present time. I8mo, pp. 112. Is. 

These * Outlines'— in many respects an epitome of the * Elements* — 
are carefully prepared to meet the wants of beginners. The arrange- 
ment is the same as in the Author's lar^r workis. Minute details are 
avoided, the broad outlines are graphically presented, the accentua- 
tion marked, and the most recent cnanges in political geography ex- 
hibited. 

Pourth Edition, Bevised. 

THE INTEBMEDIATE QEOOBAPHY. Intended as an 

Intermediate Book between the Author's * Outlines of Geography' 
and 'Elements of Geography.' By the Same. New Edition, to 
which is appended an abridgment of 'Scripture Geography.' 
Crown 8vo, pp. 244. 2s. 

Sixty-Vinth Thousand. 

FIBST STEPS IN GEOOBAPHT. By the Same. Bevised 

to the present time. 18mo, pp. 66. Sewed, 4d. In cloth, 6d. 

OEOGBAFHY OF THE BBITISH EMPIBE. By the 

Same. 3d. 

ELEMENTS OF PffTSIOGBAPHY. By the Same. 

See pcige 11. 
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OPINIONS OF DR MACKAY'S OEOOBAFHICAL SERIES. 



Annual Address of the President of the Royal Geographical Society. 
— We must admire the ability and persevering research with which he has 
succeeded in imparting to his ' Manual ' so much freshness and originality. 
In no respect is this character more apparent than in the plan of arrangement, 
by which the author commences his description of the physical geography of 
each tract by a sketch of its true basis or geological structure. It is, indeed, 
a most useftU school-book in opening out geographical knowledge. 

Saturday Review. — It contains a prodigious array of geographical facts, 
and will be found useful for referencei 

English Journal of Education.— Of all the Manuals on Geography that 
have come under our notice, we place the one whose title is given above in the 
first rank. For fulness of information, for knowledge of method in arrange- 
ment, for tlie manner in which the details are handled, we know of no work 
that can, in these respects, compete with Mr Mackay's ManuaL 

A. KEITH JOHNSTON, LL.D., r.R.S.E., P.R.G.S., H.M. Geographer 
for Scotland, Author of the ' Royal Atlas,' &c., dec— There is no work 
of the kind in this or any other language, known to me, which comes so near 
my icIeoZ of perfection in a school-book, on the important subject of which it 
treats. In arrangement, style, selection of matter, clearness, and thorough 
accuracy of statement, it is without a rival ; and Imowing, as I do, the vast 
amount of labour and research you bestowed on its production, I trust it wil] 
be so appreciated as to insure, by an eztensivs sale, a well-merited reward. 

G. BICKERTON, Esq., Edinburgh Institution.— I have been led to form 
a very high opinion of Mackay's ' Manual of Geography' and ' Elements of Geo- 
g^phy,' partly from a careftil examination of them, and partly from my expe- 
rience of the latter as a text-book in the Edinburgh Institution. One of 
their most valuable features is the elaborate Table of River-Basins and Towns, 
which is given in addition to the ordinary Province or County list, so that a 
good idea may be obtained by the pupil of the natural as well as the political 
relationship of the towns in each country. On all matters connected wi'Ui 
Physical Geography, Ethnography, Government, &c, the information is fkill. 
accurate, and well digested. . They are books that can be strongly recommended 
to the student of geography. 

RICHARD D. GRAHAM, English Master, College for Daughters of 
Ministers of the Church of Scotland and of Professors in the Scottish 
Universities. — No work with which I am acquainted so amply fulfils the con- 
ditions of a perfect text-book on the important subject of which it treats, as Dr 
Mackajr's ' Elements of Modem Geography.' In fulness and accuracy of de- 
tails, in the scientific grouping of fjEicts, combined with clearness and simplicity 
of statement, it stands alone, and leaves almost notiiing to be desired m Uie 
way of improvement Eminently fitted, by reason of this exceptional variety 
and thorouf^ess, to meet all the requirements of higher education, it is never 
without a hving interest, which adapts it to the intelligence of ordinary pupils. 
It is not the least of its merits that its information is abreast of all the latest 
developments in geographical science, accurately exhibiting both the recent 
political and territorial changes in Europe, and the many important results of 
modero travel and research. 

Spectator.-— The best Geography we have ever met with. 
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HISTORICAL READING-BOOKS. 



EPITOME OF ALISON'S HISTOBT OF EUBOPE, for 

THE USB or Schools. Sixteenth Edition. Post 8vo, pp. 604. 
7s. 6<L, bound in leather. Atlas to ditto, 7s. 

THE EIGHTEEN OHBISTIAN OENTUBIES. By the 

Bey. James White, Author of * The History of France.' Sieventh 

Edition, post 8yo, with Index. 68. 
'* He goes to work upon the only true principle, and produces a picture that 
at once satisfles truth, arrests the memory, and fills the imagination. It will 
be difficult to lay hands on any hook of the kind more oseftil and more enter- 
taining.''->7Yise>. 

HISTOBT OF FBANOE, from the Earliest Times. By the 

Same. Fifth Edition, post 8vo, with Index. 6s. 

HISTOBT OF INDIA : From the Earliest Period to the 

Close or the India Compant's Gotebnment, with an Epitome 

OF Subsequent Events. Abridged from tiie Anthor^s larger 

Work. By John Clark Mabshman, C.S.L Crown Syo, pp. 568. 

6s. 6d. 

" ' There is only one History of India, and that is Marshman's,' exclaimed a 

eritic when the original three-yolume edition of this book appeared some years 

ago. He had read them all, and a whole library of books referring to periods 

of the history, and this was his conclusion. It is a wise and a Just yeraict"— 

Daily Review. 

THE LIFE AND LABOUBS OF THE APOSTLE PAUL. 

A Continuous Narratiye for Schools and Bible-Classes. By Charles 

Michie, M.A Second Edition Bevised and Enlarged. Fcap. 

8yo, cloth. Is. 

'* ▲ succinct, yet clear and conrorehensiys, ylew of the life and labours 

of the great Apostle. The story of Faul's life, so replete with spirit^tirring 

incidents, is told in a manner extremely well lltted to arrest the attention or 

advanced pupils, and we can with confldence commend this little work as an 

admirable text-book for Bible-classes."— ^ationai Edueationai GoutUa. 



ENGLISH PBOSE COMPOSITION ; A Practical Manual 

FOR Use in Sohools. By James Currie, M.A, Principal of 

the Church of Scotland Traming College, Edinburgh. Twenty- 

Seyenth Thousand. Is. 6d. 

" We do not remember haying seen a work so completely to our minds as this, 

which combines sound theory with Judicious pnctice. Proceeding step by 

step, it adyances from the formation of the shortest sentenoes to the oomposi- 

tlon of complete essays, the pupU being eyerywhere Aimished with all needful 

assistance in the way of models and hints. Nobody can work through such a 

book as this without thoroughly understanding the structure of sentenoes, 

and acquiring fkcility in arranging and expressii^ his thoughts appropriately. 

It ought to be extensiyely vmed/'—Athenaum. 

A MANUAL OF ENGLISH PBOSE LITEBATTJBE, 

Biographical and Critical : designed mainly to show characteristics 
of style. By W. MiNTO, M.A. Crown 8vo. 10s. 6d. 
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OLASSIOAL TEXT-BOOKS. 



ADITT7S FAOILIOBES: An Easy Latin Oonstrning Book, 
with Complete Vocabulary. By A. W. Potts, M.A., LL.D., 
Head-Master of the Fettes College, Edinburgh, and sometime 
Fellow of St John's College, Cambndge ; and the Rev. C. Darniell, 
M.A., Head-Master of Cai^field Preparatory School, Edinburgh, 
and late Scholar of Pembroke and Downing Colleges, Cambridge. 
Third Edition, {"cap. 8to. Ss. 6d. 
ConUnta. — Part I. Stories and Fables. — II. Historical Extracts : a. 
The Fall of Fabii ; h. The Capture of Veil ; c. The Sacrifice of Decius. 
—III. The First Roman Invasion of Britain.— IV. The Life and Ex- 
ploits of Alexander the Great. 

ADTTUS FAOILIOBES QBiBOL An Easy Greek Oon- 
(ftraing Book, with Complete Vocabulary. By the Authors of 
' Aditus Faciliores, an Easy Latin Construing iiook,' &c. 

\In the Press. 

OAMENABUM FLOSOULOS IN USUM FETTESIAN- 

ORUM DECERPTOS NoTis quibusdam illustbavkbunt A. 
6uL. Potts, M.A., LL.D. ; Gul. A. Heabd, M.A. Second 
Edition. Fcap. 8to. 2s. 6d. 

PBAOTIOAL BUDIMENTS OF THE LATIN LAN- 
GUAGE; Or, Latin Fobhb and English Roots. Comprising 
Accidence, Vocabularies, and Latin-English, English-Latin, and 
English DerivatiTo Exercises, forming a complete First Latin 
Course, both for English and Latin Classes. By John Ross, M. A. , 
Rector of the High School of Arbroath. Crown &vo, pp. 164. Is. 6d. 

INTBODUGTION TO THE WBITING OF OBEEK. 

For the use of Junior Classes. By Sir D. K. Sandfobd, A.M., 
D.C.L. New Edition. Crown 8vo. 8s. 6d. 

BULES AND EXEBGISES IN HOMEBIO AND ATTIO 

GREEK ; to which is added a short System of Greek Prosody. 
By the Same. New Edition. Crown 8vo. 6s. 6d. 

OBEEK BXTBA0T8, WITH NOTES AND LEXICON. 

For the Use of Junior Classes. By the Same. New Edition. 
Crown 8vo. 6s. 

A TBEASUBT OF THE ENGLISH AND QEBMAN 

LANGUAGES. Compiled from the best Authors and Lexico- 
graphers in both Languages. Adapted to the Use of Schools, Stu- 
dents, Travellers, and Men of Business ; and forming a Companion 
to all German-English Dictionaries. By Josbph Cauvin, LL.D. 
& Ph.D., of the University of G^ttingen, &c. Crown 8vo. 7s. 6d., 
oound in cloth. 
" An excellent English-German Dictionary, which supplies a real want"— 
Saturdaiy BtnUw, 
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NATURAL HISTORY. 



f « ' 



MANUAL OF ZOOLOGY, for the Use of Students. 

With a General Introduction on the Principles of Zoology. By 
Henry Allktne Nicholson, M.D., D.Sc.,M.A., Ph.D., F.R.S.E., 
F.G.S., Professor of Natural History in the University of St 
Andrews. Fourth Edition, revised and enlarged. Crown 8vo, i)p. 
732, with 300 Eneravings on Wood. 12s. 6d. 
' It is the best manual of zoology yet published, not merely In England, but 
in Europe."— Pa^2 MaU GazetU. 

<*The best treatise on Zoology in moderate compass that we possess."— 
LcmotL 

TEXT-BOOK OF ZOOLOGY, for the Use of Schools. 

By the Same. Second Edition, enlarged. Crown 8vo, with 188 

Engravings on Wood. 68. 
" This capital introduction to natural history is illustrated and well got up 
in every way. We should be glad to see it generally used in schools." — Medi- 
cal Pros and Circvloar. 

INTBODUCTOBY TEXT -BOOK OF ZOOLOGY, for 

THE Use of Junior Classes. By the Same. A New Edition, 
revised and enlai^ed, with 156 Engravings. Ss. 
" Very suitable for Junior classes in schools. There is no reason why any one 
should not become acquainted with the principles of the science, and the fi&cts 
on which they are based, as set forth in this volume." — LamceL 

" Nothing can be better adapted to its object than this cheap and well- 
written Introduction."— London Quarterly Rtvievo. 

OUTLINES OF NATUBAL HISTOBY, for Beginners; 

being Descriptions of a Progressive Series of Zoological Tyi>e8. By 

the Same. With 62 Engravings. Is. 6d. 
** There has been no book since Patterson's well known 'Zoology for 
Schools' that has so completely provided for the class to which it is addressed 
as the capital little volume by Dr Nicholson."— Poi)u2ar Science Bevievo. 

EXAMINATIONS IN NATUBAL HISTOBY; being a 

Progressive Series of Questions adapted to the Author's Introduc- 
tory and Advanced Text- Books and the Student's Manual of Zoo- 
logy. By the Same. Is. 

INTBODUOTION TO THE STUDY OF BIOLOGY. 

By the Same. Crown 8vo, with numerous Engravings. 6s. 

A MANUAL OF PALAEONTOLOGY, for the Use of Stn- 

DENTS. With a General Introduction on the Principles of Palaeon- 
tology. By the Same. Crown 8vo, with upwaitls of 400 Engrav- 
ings. 15s. 
"This book will be foxmd to be one of the best of guides to the principles of 
Paleeoutology and the study of organic remains."— il^«ncntm. 

THE ANOIENT LIFE -HISTOBY OF THE EABTH. 

An Outlhie of the Principles and Leading Facts of Paleeontological 
Science. By the Same. With a Olossary and Index. In crown 
8yo, with 270 Engravings. lOs. 6d. 
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GEOLOGY. 



Eleyenth Edition. 

INTRODUCTOEY TEXT -BOOK OP GEOLOGY. By 

David Page, LL.D., Etc., Professor of Geology in the Durham 
University College of Physical Science, Newcastle. With Engrav- 
ings on Wood, and Glossarial Index. 2s. 6d. 

"It has not been our good fortune to examine a text-book on science of 
which we could express an opinion so entirely favourable as we are enabled to 
do of Mr Page's little work." — Athenceum, 

Sixth Edition. 

ADVANCED TEXT BOOK OF GEOLOGY. Descriptive 

AND Industrial. .With Engravings, and Glossary of Scientific 
Terms. By the Same. Revised and enlarged. 7s. 6d. 

" We have carefUllv read this truly satisfactory book, and do not hesitate to 
say that it is an excellent compendium of the great foots of Geology, and writ- 
ten in a truthful and philosophic spirit." — Ediiiburgh Philosophical Journal. 

" As a school-book nothing can match the Advanced Tract-Book of Geology 
by Professor Page of Newcastle." — Meckcmic^ Magazine. 

" We know of no introduction containing a larger amount of information in 
the same space, and which we could more cordially recommend to the geologi- 
cal student" — Athenanim. 

Seventh Edition. 

THE GEOLOGICAL EXAMINATOB. A Progressive 

Series of Questions, adapted to the Introductory and Advanced 
Text-Books of Geology. Prepared to assist Teachers in framing 
their Examinations, and Students in testing their own Progress ana 
Proficiency. By the Same. 9d. • 

Sixth Edition. 

THE OBUST OF THE EABTH; A Handy OntUne of 

Geoloot. By the Same. Is. 

"An eminently satisfactory work, giving, in less than 100 pages, an adniir- 
able outline sketch of Geology, . . . forming, if not a royal road, at least 
one of the smoothest we possess, to an intelligent acquaintance with geolo- 
gical phenomena."— ScotmuiTi. 

" Of singular merit for its clearness and trustworthy character."— Standard. 

Third Edition, Enlarged. 

GEOLOGY FOB GENEBAL BEADEBS. A Series of 

Popular Sketches in Geology and Palaeontology. By the Same. 6s. 

**Thi8 is one of the best of Mr i:'age's many good books. It is written in a 
flowing, popular style. Without illustration or any extraneous aid, the narra- 
tive must prove attractive to any intelligent reader."— Geological Magaxine. 

SYNOPSES OF SUBJECTS taught in the Geological 

Class, College of Physical Science, Newcastle-on-Tyne, University 
of Durham. By the Same. Fcap. cloth. 2s. 6d. 

Second Edition, Enlarged. 
HANDBOOK OF GEOLOGICAL TEBMS, GEOLOGY, 

AND PHYSICAL GEOGRAPHY. By Uie Same. 78. 60. 
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GEOLOGY— Owfiwttcd 

CHIPS AND OHAPTEBS. A Book for Amateun and 
Young Geologists. By David Page, LL.D., Etc. 6s. 

THE PHILOSOPHY OF GEOLOaY. A Brief Beview of 

the Aim, Scope, and Character of Geological Inquiry. By the 
Same. Fcap. Syo. 3s. 6d. 



From, the 'Saturday Memew,* 

" Few of our hand-books of popular science can be said to have greater or 
more decisive merit than those of Mr Page on Geology and Patoontology. 
They are clear and vigoroos in style, they never oupress the reader witii a 
pedantic display of learning, nor overwhelm him with a pompons and super- 
fiuons terminology ; and they have the happy art of ti^EUig him straightway 
to the face of nature herself, instead of leading him by Uie tortooos and bewil- 
dering paths of technical system and artificial classification." 



BOTANY. 

A MANUAL OF BOTANY, Anatomical and Physiological. 

For the Use of Students. By Robert Bbown, M.A., Ph.D., 
F.B.G.S. Crown Svo, with numerous Illustrations. 12s. 6d. 

"This is a work of very meritorious charaoter."— i5ci9iil(/le and Litorory 
Revieuf, 

"We have no hesitation In recommending this volume to onr readers as 
being the best and most reliable of the many works on botany yet issued. . . . 
His manual will, if we mistake not, be eagerly consulted and attentively 
studied by all those who take an interest in the science of botany."— Civu 
Service Gazette. 



AlGRIOULTURB. 

GATEOHISM OF PBAOTICAL AGBICULTUBS. By 

Henbt Stephens, F.R.S.K, Author of the 'Book of the Farm.* 
A New Edition. With Engravings. Is. 

"Teachers will find in this little volume an admiiable course of Instruction 
in practical agriculture— that is, the outlines which they may easily fill up ; 
and by followmg the hints given in Mr Stephens' prefiice, the course would 
scarcely fail to be quite interesting, as well as of great practical benefit 
Lan led proprietors and fanners might with propriety encourage the introduc- 
tion of this work luto schools.**— ^lomlean Journak 

PBOFESSOB JOHNSTON*S GATEOHISM OF AGRI- 
CULTURAL CHEMISTRY. Seventy-fifth thousand, edited by 
Professor Voblckeb. With Engravings. Is. 

PBOFESSOB JOHNSTON'S ELEMENTS OF AGBI- 

CULTURAL CHEMISTRY AND GEOLOGY. Tenth Edition, 
reWsed and brought down to the present tinie, by Chablbs A 
Cameron, M.D., F.B.G.S.I., Etc Foolscap. 08. 6d. 
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PHYSICAL GEOaHAPHY. 



INTBODUOTOBT TEXT-BOOK OF PHYSIOAL GEO- 
GRAPHY. With Sketcb-Maps and Illustrations. By David 
Paob, LL.D., Etc., Author of Text-Books of Geology. Eighth 
Edition. 28. 6d. 

" The diyisions of the subject are so clearly defined, the explanations are so 
lucid, the relations of one portion of the subject to another are so satisfactorily 
shown, and. above all, the bearings of the aUied sciences to Physical Geography 
are brought out with so much precision, that every reader will feel that oiffl- 
culties have been removed, and the path of study smoothed before him." — 
Athencev/au 

"Whether as a school-book or a manual for Ihe private student^ this work 
has no equal in our Educational literatura" — Iron. 

ADVANOED TEXT-BOOK OF PHYSIOAL OEOQBAPHY. 

With Engravings. By the Same. Second Edition. 58. 
" A thoroughly good Text-Book of Physical Geography."— iSaturday Review. 

EXAMINATIONS ON PHYSIOAL GEOGBAPHY. A 

Progressive Series of Questions, adapted to the Introductory and 
Advanced Text-Books of Physical Geography. By the Same. 
Third Edition. 9d. 

ELEMENTS OF PHYSIOGBAPHY AND PHYSIOAL 

GEOGRAPHY. With express reference to the Instructions 
recently issued by the Science and Art Department By the Rev. 
Alex. Mackat, LL.D., F.B.G.S., Autnor of 'A Manual of 
Modem Gktogrsphy, Mathematical^ Physical, and Political,' &c. 
With nnmerous Illustrations^ ^Crown 8vo, pp. 150. li. 6d. 

OOMPABATIVE GEOGBAPHY. By OABL BITTEB. 

Translated by W. L. Gage. Fcap. 8s. 6d. 



MBTBOROLOaY. 

INTBODUOTOBY TEXT-BOOK OF METEOBOLOGY. 

By Alexander Buchan, M.A., F.R.S.E., Secretary of the Scot- 
tish Meteorological Society, Author of 'Handy Book of Meteor- 
ology/ &c. Crown 8vo, with 8 Coloured Charts and other Engrav- 
ings. Pp. 218. 48. 6d. 

*' A handy compendium of Meteorology by one of the most competent autho- 
rities on this branch of science."— Petermann'f Geographisehe Mittheiltrngen. 

** We can recommend it as a handy, clear, and scientific introduction to the 
theory of Meteorology, written by a man who has evidently mastered his sub- 
ject"— lancet 

** An exceedingly useful rolvane.*'—Athencewn. 

HANDY BOOK OF METEOBOLOGY. By the Same. 
Third EdiUon. 
In this Edition the Charts of the Distribntion of Atmospheric Pres- 
sure and of Terrestrial Temperature will be thoroughly revised ; the 
Relations of Temperature to Atmospheric Pressure and Winds will, 
with the aid of mustratiye Charts, be more fully discussed. Charts 
will be given showing the Distribution of Rain over the Continents of 
the Globe ; prevailing Winds will be pointed out ; and otherwise the 
Book will be revised throughout. [In preparation. 



X 2 IVi/Iiam Blackwood and So/is* 



MATHEMATICS, &c. 



THE THEOBY OF ABITHMETIO. By David Mnnn, 

F.R.S.E., Mathematical Master, Royal High School of Edinburgh. 
Crown 8vo, pp. 294. 5s. 

ELEMENTABY ABITHMETIG. By Edward Sang, 

F.R.S.E. This Treatise is intended to supply the ^^reat desider- 
atum of an intellectual instead of a routine course of instruction in 
Arithmetic. Post 8vo. 5s. 

THE HIGHEB ABITHMETIO. By the Same. Being 

a Sequel to ' Elementary Arithmetic.' Crown 8vo. 58. 

FIVE -PLACE LOOABITHMS. Arranged by the Same. 

Sixpence. For the Waistcoat-Pocket. 

TBEATISE ON ABITHMETIO, with nnmerons Exercises 

for Teaching in Classes. By James Watson, one of the Masters 
of-Heriot's Hospital. Foolscap. Is. 

PBIMEB OF GEOMETBY. An Easy Introduction to the 

Propositions of Euclid. By Francis Cuthbkrtson, M A. , LL. D. , 
late Fellow of Corpus Christi College, Cambridge ; Head Mathe- 
matical Master of the City of London School. Is. 6d. 

" The selection is most Judicious, and we believe the plan will be success- 
fuL"— 5i>ectotor. 

A OLOSSABY OF NAVIGATION. Oontaining the De- 
finitions and Propositions of the Science, Explanation of Terms, 
and Description of Instruments. By the Rev. J. R Harbord, 
M.A., Assistant Director of Education, Admiralty. Crown 8vo, 
lllustoated with Diagrams. 68. 

DEFINITIONS AND DIAGBAMS IN ASTBONOMY 

AND NAVIGATION. By the Same. Is. 6d. 

ELEMENTABY HAND-BOOK OF PHYSIOS. With 210 
Diagrams. By William Rossiter, F.R.A.S., &c Crown 8vq, 
pp. 390. 68. 

"A singularly Interesting Treatise on Physics, founded on fkcts and 
phenomena gained at first hand by the Author, and expoauded in a style 
which is a model of that simplicity and ease in writing which betokens mas- 
tery of the subject. To those who require a non-mathematical exposition of 
the principles of Physics, a better booa cannot be recommended."- PdU MaU 
GazetU. 
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MENTAL PHILOSOPHY, 



Sizih Editioii. 

LECTURES ON METAPHYSIOS. By Sir WILLIAM 

HA.MILTON, Bart., Professor of Logic and Metaphysics in the 
University of Edinburgh. Edited by the Very Rev. H. L. Man- 
sell, LL.D., Dean of St Paul's, and John Vkitoh, M. A., Professor 
of Logic and Rhetoric, Glasgow. 2 vols. 8vo. 24^, 

Third Edition. 

LEGTUBES ON LOOIO. By Sir WILLIAM HAMIL- 

TON, Bart. Edited by the Same. 2 vols. 8vo. 248. 

Third Edition. 

DISCUSSIONS ON FHILOSOFHT AND LITEBATURE, 

EDUCATION AND UNIVERSITY REFORM. By Sir Wil- 
liam Hamilton, Bart. 8vo. 21s. 

Vew Edition. 

PHILOSOPHIOAL WORKS OF THE LATE JAMES 

FREDERICK FERRIER, B.A., Oxon., LL.D., Professor of Moral 
Philosophy and Political Economy in the University of St 
Andrews. 3 vols, crown Svo. 84s. od. 

The following are sold Separately : — 

INSTITUTES OF METAPHYSIO. Third Edition. 10s. 6d. 

LECTURES ON THE EARLY GREEK PHILOSOPHY. Sec- 
ond Edition. 10s. 6d. 

PHILOSOPHICAL REMAINS, includino the Lectures on 
Early Greek Philosophy. Edited by Sir Alex. Grant, 
Bart, D.C.L., and Professor Lushinoton. 2 vols. 24s. 

Seventh Edition. 

PORT ROYAL LOGIC. Translated from the French: 

with Introduction, Notes, and Appendix. By Thomas Spencer 

Baynes, LL.D., Professor of Logic, Rhetoric, and Metaphysics 

in the University of St Andrews, ll^o. 4s. 

"Through his excellent translation of the Port Royal Logic, and his intro- 

daction and notes, Professor Baynes has rendered good service to logical studies 

in this country ; for if the student desires to understand something of the 

rationale of the rules laid down in ordinary texts, he could not have recourse 

to a better work."— London Qttarterly Beview. 

DESCARTES : On the Method of Rightly Oondncting the 
Reason, and Seeeing Truth in the Sciences, and his Medi- 
tations, AND Selections from his Principles of Philosophy. 
Post Svo. 4s. 6d. 

THE PHILOSOPHY OF HISTORY IK EUROPE. VoL 

I., containing the History of that Philosophy in France and Ger- 
many. By Robert Flint, D.D., LL.D., Professor of Divinity in 
the University of Edinburgh. 8yo. 158. 
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Ancient Classics for English Readers, 

Edited by thk Rev. W. LUCAS COLLINS, M.A, 



In 20 vols., price Ss. 8d. each. In cloth (sold sepanttely) ; or bound in 10 
vols., with calf or vellum iMck, for £2, lOs. 



CONTENTS. 



HOMER: THE ILIAD. By the Edi- 
tor. 

HOMER: THE ODTSSET. By the 
Editor. 

HERODOTUS. By Q. C. Swayne, 

H. A« 

XENOPHON. By Sir Alexander 
Grant, Bart 

EURIPIDEa By W. B. Donne. 
ARISTOPHANES. By the Editor. 

PLATO. By C. W. Collins, M.A. 
LUCIAN. By the Editor. 

JESCHYLTJS. By Reginald S. Cop- 
leston, M.A. (noWiBishop of Col- 
ombo). 

SOPHOCLES. By CUfton W. Col- 
lins, M.A. 



HESIOD AND THEOGNLi. By 

the Rev. J. Davies, M.A. 
GREEK ANTHOLOGT. By Lord 

Neaves. 

VIRGIL. By the Editor. 
HORACE. By Theodore Martin. 

JUVENAL. By Edwaid Walford, 

M.A. 
PLAUTUS AND TERENCE. By 

the Editor. 

THE COMMENTARIES OF C^ISAR 

By Anthony Trollope. 
TACITUS. By W. B. Donne. 

CICERO. By the Editor. 
PLINY'S LETTERS. By the Rev. 
Alfred Church, M.A., and the Rev. 
I W. J. Brodilbb, M.A. 



*'It is difficult to estimate too highly the value of such a series as this in 
giving * ningHah readcTS ' an insight, exact as far as it goes, into those'olden 
times which are so remote and yet to many of us so close." — Saturday Seview, 

" It is impossible to praise too highly the conception and execution of this 
series. of the Classics. They are a kind of *BibUotheca Classicoruin • for 
unlearned readers, but executed by men of the most accomplished scholar- 
ship, and therelbre conveying the very colour and tone of the authors. They 
will be as pleasant to scholars as they are valuable to those who know 
only their mother tongue."— British Quarterly SevUw. 

** A series which has done and is doing so much towards spreading among 
Englishmen intelligent and appreciative views of the chief classical authors." 
•^tcmdard. 

" We gladly avail ourselves of this opportunity to recommend the other 
volumes of this useflil series, most of which are executed with discriminatioD 
and ability."— Quarterly fievieio. 
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SUPPLEMENTARY SERIES. 



ANCIENT CLASSICS 

FOB 

ENGLISH READERS. 
Edited by the Rev. W. LUCAS COLLINS, M.A. 



A D VER TISEMENT. 

Thk marked success and general popularity of the Series of "ANaxMT 
CLAflBiCB roB English Bkadkiw/' lately concluded in twenty volumes, has 
been accompanied by some regrets, expressed both by the friendly critics of 
the press and in private quarters, at its not having been made somewhat more 
comprehensive. 

This has induced us to undertake the Issue of a "Supplementary" Series, 
intended to comprise the works of some few Latin and Greek authors which, 
for various reasons, were not included in the original plan. 

It is hoped that the whole collection will thus supply, in a popular and 
convenient form, such a view of the literature of Ancient Greece and Borne as 
may give a fidr idea of its subject-matter and its spirit to those who have not 
leisure to study it in the originals, and at the same time serve as an introduc- 
tion to such study, where fiunlities for it can be ex^Joyed. 

This Series will appear, like the preceding, in quarterly volumes, at half-a- 
crown each, and in the same size and type. It will not be extended beyond 
eight or ten such volumes. These will include the works of Abistotlb, 
Thuotdidbs, Dbmosthknes, Livv, Lucb£tius, Ovid, Catullus (with 
TiBULLUS and PbopcbtiusX Anacbkok, Pindab, &c 



The volumes now published ootUam .*-« 

1. LIVT. BytheEoiTOB. 

2. OYip. By the Bev. Aliiisd Chuiujh, ILA. 

8. CATULLUS, TIBULLUS, Am FB0PEBTIU8. 
By the Bev. Jamxb Davub, ILA. 

4. DEMOSTHENES. By the Bev. W. J. Bbodbibb. 

0. ABI8T0TLB. By Sir Alxxaudxb Obakt, Bart, LL D , 
Principal of the University of Edinburgh. 



1 6 W. Blackivood and S&ni Educational Works. 

COMPANION 8ERIE8 TO 
"ANOIBNT GLASBIOS FOB ENGLISH BEADBBS." 



Foreign Classics for English Readers. 

Edited by MRS OLIPHANT. 



Tfi[E cordial reception ffiyenby the public to the Series of " Ancient 
Glassies for English Readers" has confirmed the intention of 
the Publishers to cany out a kindred Series, which it is believed will 
not be less useful or leas welcome, and in which an attempt will be 
made to introduce the great writers of Europe in a similar manner 
to the many readers who probably have a penect acquaintance with 
their names, without mucn knowledge of their works, or their place 
in the literature of the modem world. The Classics of Italy, France, 
Germany, and Spain are nearer to us in time, and less separated in 
sentiment, than the still more famous Classics of antiquity. No 
amount of travel can make us acquainted with Italy, while Dante, 
Tasso, and her great historians remidn unknown to us ; nor can the 
upheavings of fVench society and the mental characteristics of the 
nation be comprehended without Voltaire, Moli^, Bousseau, and 
other great names beside. Neither is Gkormany herself without Gtoethe 
and Schiller : nor Spain reoognisable deprived of that noble figiure of 
Cervantes, in whom lives the very genius of the nation. This great 
band it is our design to give such an account of as may bring them 
within the acquaintance of the English reader, whose zeal may not 
carry him the length of the often thankless study of translations, and 
whose readings in a foreisn language are not easy enough to be plea- 
sant. The audience to which we aspire is at once wider and narrower 
than that to which the great treasures of Hellenic and Roman litera- 
ture are unfamilisjr ; ana our effort will be Xo present the great Italian, 
the great Frenclunan, the famous German, to the reader so as to make 
it plain to hun what and how tiiey wrote, something of how they lived, 
and more or less of their iXMition and influence upon the literature of 
their country.— /row Prospectus. 

Now published, price 2s. 6d. each, bound in cloth. 

Vol. I. DANTE. B7 the Editor. 

VoL II. VOLTAIRE. By Col. E. B. Hamlet, C.B. 

TJie following volumes axe in preparation : — 



PETRARCH. By H. Reeve, Esq., 
O.B. 

PASCAL. By the Very Rev. Princi- 
pal Tolloch. 



GOETHE. ByA.Hayward,Esq.,Q.C. 
CERVANTES. By the Editor. 
MONTAIGNE. By the Rev. W. 
Lucas Collins, M.A. 



WILLIAM BLACKWOOD & SONS, Edinburgh and London. 



BLACKWOOD'S CLASS-BOOKS. 



Strongly Bound in Cloth, unless otherwise stateeU 

OEOOBAPHT. 

Manual of Gkography. By Rev. Alex. Mackay, 

LL.D., &C. New Edition, revised and enlarged, 7s. 6d« 

Elements of Geography. By the Same, . 3& ^- 

Intermediate Geography. By the Same, . 2s. od. 

Outlines of Geography. By the Same, . is. od. 

First Steps in Geography. By the Same. Sewed, 4d. 
Or in Cloth, ..... 6d. 

Geography of the British Empire. By the Same, 3d. 

PHYSIOQHAFHY. 

Elements of Physiography and Physical Geo- 
graphy. By Rev. Alex. Mackay, LL.D., &c. 
With numerous Illustrations, . . . is. 6d. 

PHYSICAIi GEOaBAFHir. 

Introductory Text-Book of Physical Geogra- 
phy. By David Page, LL.D., &C., . . 2s. 6d. 

Advanced Text-Book of Physical Geography. 

By the Same, ..... 5s. od. 

Examinations in Physical Geography. By the 

Same. Sewed, .... 9d« 

OEOIiOGT. 

Introductory Text-Book of Geology. By 

David Page, LL.D., &c., ... 2s. 6d. 

- Advanced Text-Book of Geology. By the Same, 7s, 6d. 

The Crust of the Earth : A Handy Outline of 

Geology. By the Same, . . .is. od. 

The Geological Examinator. By the Same. Sewed, Qd. 

Handbook of Terms in Geology and Physical 

Geography. By the Same^ . . . 7s. 6d. 

METEOBOIjOaT. 

Introductory Text-Book of Meteorology. By 

Alexander Buchan, M.A., &c., . . 4s. 6d. 

ZOOIjOOY. 

Manual of Zoology. By Professor Nicholson, 12s. 6d. 

Text-Book of Zoology. By the Same, . 6s. od. 

Introductory Text-Book of Zoology. By the 

Same^ ••••.. 3s. od. 

Outlines of Natural History. By the Same, is. 6d. 

Examinations in Natural History : Being a Pio- 
eressive Series of Questions ad^ted to theAuthor's 
Introductory and Advanced Text-Books and the 
Student's Manual of Zoology. By the Same. Sewed, is. od. 



BLACKWOOD'S CLASS-BOOKS-cv«a«i^. 



LATIN. 

Aditus Faciliores I An Easy Latin Construing Book, 
with Complete Vocabulary. By A. W. Potts, 
LL.D., Head-Master of Fettes College, Edin- 
burgh ; and Rev. C. Darnell, M.A., Head-Master 
of Cargilfield Preparatory School, Edinburgh, 

Practical Rudiments of the Latin Language ; 
or, Latin Forms and English Roots. By John 
Ross, M.A. Crown 8vo, pp. 164, . 

PHYSICS. 

Elementary Handbook of Physics. With 210 
Diagrams. By William Rossiter, F.R.A.S., &c. 

HISTORY. 

The Eighteen Christian Centuries. By Rev. 

J. White, ..... 
History of France. By Rev. J. White, 
Epitome of Alison*s History of Europe, . 

CIjASSICS. 

Ancient Classics for English Readers. Edited 
by tlie Rev. W. Lucas Collins. 25 Volumes are 
now published, . . . each. 

Foreign Classics for English Readers. Edited 
by Mrs Oliphant, . . . each, 

TAe abffve are well adapted for Ladie^ Schools. 

AOBICUIiTUKB. 

Elements of Agricultural Chemistry. By J. 

F. W. Johnston, and Charles Cameron, 
Catechism of Agricultural Chemistry. By 

J. F. W. Johnston, .... 
Catechism of Agriculture. By Henry Stephens, 

ENGIjISH IiANGUAOE. 

Etymological Dictionary of the English 
Language. Crown 8vo, 

The School Etymological Dictionary and 
WoRD-BooK. Fcap. 8vo, pp. 260, . 

The Handy School Dictionary, pp. 268, 

English Prose Composition. By the Rev. J. 
Curri^ M.A., ..... 

A Manual of English Prose Literature. De- 
signed mainly for the Assistance of Students in 
English Composition. By W. Minto, M.A., . 

Characteristics of English Poets, from Chaucer 
to Shirley. By the Same. Crown 8vo, 

Progrsssivs and Classified Spslling-Book. 
By Miss Lockwoody .... 

The THEOf yid Munn, 

Primer o 
Prop 




tion to the 
K)n, M. A., 



3s. 6d. 
IS. 6d. 

5s. od. 



6s. od. 
6s. od. 
7s. 6d. 



2s. 6d. 

2s. 6d. 

6s. 6d. 

IS. od. 
IS. od. 

7s. 6d. 

2s. od. 
9d. 

IS. 6d. 

los. 6d. 

9s. od. 

IS. 6d. 
5s. od. 

IS. 6d. 




